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SYMPOSIUM ON SURGICAL INFECTIONS 

INTRODUCTION 

W HEN this S) niposiuni on Surgical Infections \v as planned 
the collaborators were selected because of their recognized 
experience in their respective fields With the advent of 
America s entry into the vv ar each one of them vv as draw n 
intt close identific'Vtion with the plans for national defense 
It IS hoped that the papers in this svmposmm will serve the 
purptse of stimulating interest m the subject of sui^ical 
infections which has become of vital importance with the 
occurrence of war 

The I ditor docs not nccessanl) agree with all of the 
pinions expressed b\ the different collaborators but he can 
vouch for the fact that m each instance the contribution is 
based on w i Ic experience and honest opinion 


Frvnk L Melenfx MD 
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SURGICAL BACTERIOLOGY 
FRANK L MELENEY MD FACSt 

jMan\ people do not realize hou completely modem sur 
gery depends upon the science of bjctenology They grew up 
together Before it \vis demonstrated that surgical infections 
were due to the activity of micro oi^anisms and that they 
could be kept out of opcraiu e w ounds by proper control of 
the conditions of operations surgery was limited m its scope 
to the removal of superficial growths and the care of acci 
dental wounds Even these rclativcH simple procedures were 
handicapped by a high incidence of infection and death In 
those days hospital surgery was infinitcK more precarious 
thin home surgery bccitise infection spread so rapidly from 
one patient to another Any attempt to perform operations 
within the body cavities was almost certain to seal a death 
warrant from infection and the attempt was rarely made 
Following the discoveries of Pasteur and their application 
to surgery by Lister there graduallv evolved the operaung 
room procedures designed to prevent the entrance of bacteria 
into the operative wound which his come to be known is 
sterile technic This mirked the beginning of a great epoch 
in surgery and alon" with the development of anesthetics 
opened up the field of surgery to permit safe explorations into 
the innermost recesses of the body It required from the 
surgeon a much clcircr and more extensive knowledge of 
anitomv an I a longer training m the technic of surgical pro 
cc lures Surgeons went at this ividiv and in doing so forgot 
ill about Incteriology and what the science had done for 
them Tlicv took it for gramcl md turned their attention to 

r rom h I) P rtm f S twn Col mb L ran d h Pm 
h n lUp 1 \ 1 V Cm 

t A soc 1 roftts* fQcalSrpnColIp fPhcins d 
S rp % Col 1 U nn \ssoc \ e S rp« Pmb)-t m 

H(Kp 1 N 1 V O ^ 
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m( fe interesting problems imohed in the perfecnon of op 
eratn e procedures It is true thJC not infrequently somethin 
u ould "O \\ rong and infection « ould nullif j their best efforts, 
but for the m ist part they were satisfied \ ith the results Ob' 
tamed 

U ith the accumul ipon of facts and fif^urcs and the frequent 
rep rtin of results \ e have rccentU entered into a penoJ 
m vv hich greater efforts are being made to minimize the risks 
of operation amonf» which is the ever present nsk of mfec 
tion Furthermore the growing frequency of accidents, 
caused by the cv er increasing speed of mov emenc m our 
highly tTiechani7cd cmironmciit has increased the chances 
of disability or death fnsni infection \nd lastly the recur 
rence of war on a more extensive and more dcvastatin scale 
than e er before with bums and blast and crushinc^ injunes 
added to the horrors of bullet and shrapnel and shell framnent 
wounds make the subject of sunjical infections a particularh 
timely r ne just now 

The authors first interest in mfecti ns cJme durm his 
junior ntemship when he \ as petsuided by hs house sur 
gcon Dr Guy Caldwell nov ofTulaneUni ersity to earn 
out a study of the effect of operation on the leukocyte count 
in nonmfccted cases The study showed that within six hours 
of the operation the leukocyte count almost myanabh 
doubled but in cases ^ hich remained clean it rcfumcd to 
n rmal m four days The totally unexpected result of the 
study w as that about 0 ocr cent of tlicse clean cases became 
infected and the white count remained elevated for ten days 

or more Before the cause of the e wound infeetions coul f 

investigated the author xvas called into the 

lithe -^rmy senicc infection of war wound maaeacrta 
impression on me e left the United States on Jub ^ 
landed m France on BasfiHc Day July H 2c i as a blac ay 
for France Then the Chateau 1 hicrry counteroffens e e 
gan Our mobile opcratino' unit was 1 roken up into 
teams ( f three surget ns t\ o corps men and a nurse 
rushed to the front The casualties greatly exceeded 
tions as the Americans reached out tor new objccti e 
our team got t the front ve x\ere as igned temporan \ 
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field hospital behind the First and Second Dn isions There 
were '’50 wounded men on stretchers out under the trees 
u aiting for an e\ acuation hospital to be put up m w hich the\ 
might be operated upon and cared for Bassoneau tents w ent 
up in a hurry I will never forget some of the cases that came 
under m\ care at that time and dunng the lattr offensives 
Nor shall 1 forget the swarm of flies on the ceiling of the 
operating tent in that first hospital The thoughtless proximity 
of 1 itchens ind Utrines to the unscreened operating tent was 
undoubtedly a factor m the incidence of infections there 
One of the first patients had thirt\ two superficial wounds 
from shell fragments And there was a fine ^oung lad who 
had survived the initial onslaught and had come back for a 
re c period He was cleamng his revolver when it went off 
md the bullet passed through his posterior tibial arter\ and 
produced a huge hematoma Wc tried to sav e the leg but gas 
gangrene developed and we had to amputate 
Another case made a great impression on me The patient 
had been shot through the thigh scrotum and groin Omen 
turn was protruding through a hernial opening and hanging 
down between the thighs The wound was alive with mag 
gots \\ e washed them with soap and water but thej enjojed 
the bath W e finalK had to anesthetoc them with ether and 
tlic vv ound then looked surpnsm^lj. clean The maggots had 
consumed all the slough and pus The omentum vas am 
} utated and the stump replaced in the abdominal cavitv and 
the wound then hcilcd with unusual rapiditv One boj had 
when he came to us verv extensive gas gangrene of the 
abdominal wall This required the excision of all of the ex 
tcmil oblique and the internal >bhque muscles on one side 
OnU the transvcrsvhs remained The infection then came 
Under control and w e beard later of bis c implete recov erv 
\ similar case but more extensive was bev md control— a frac 
twred pelv is and femur w ith gas spreading do\ m the thif’h and 
up the flink to the chest— across tht abdomen bevond the 
midlinc \\ e m ide Ion" incisions but w hen w c found the ex 
tent f invasion wc gave it up as hopeless 
Tlircc men came m from the Lost Battalion vv hich had 
I cen surr unded bv Germans and cut off for siv da\ s w uh no 
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medical officer or medical supplier One of them u as d\ mg of 
pentomtis His abdomen nas puffed up like i balloon hsh 
I put m a metal tube to let out the gas and thus ease his last 
few hours The others had tcanus one s as monbund the 
other came to our operating table He was a Montana co« 
bov and the braiest hero J have ever met The comen of 
his mouth were drawn back in that grm of death which is 
such a mocker) m that dread disease He told us about the 
dajs of isolation how brave Afajoc U htttlesej was and ever) 
other man ISo word of complaint crossed his bps althouf'h 
he was terriblv wounded— m the left foot which was gan 
grenous in the left calf where there was a through and 
through wound so old that a mold was growing on the surfaces 
m the left forearm where there \ as a compound frac 
nire of the radius in the left pectoral region w here there w as 
a laige amount of macerated muscle and in the nc'ht leg w here 
the w ound w as superficial I asked him if he w as m great pain 
He answered No not much I d be a)J nt'hr cweprin for 
m> jaw w hich seems to be pretty tight ^ ou don c suppose 
Its lock]aw do ) er’ 

Oh no I said w ell give )ou some medicine and Iit that 
up for j ou 

M e told him that w e would have to take off his gangrenous 
foot All n<»ht go ahead "^ou know best His confidence 
was complete Me worked rapidlj my team mates on the arm 
and shoulder I on the foot and leg In spite of speed how 
ever his respirations became slow and shallow After the 
Operation we stimulated him with o-^gen until our command 
mg officer said I know you want to sav e the boy but I think 
you had better save the o-vgen for some one whom it will 
help more M e onl)' have a limited supply He must die any 
w av There is no hope But he bv ed for three da) s after that 
I pumped tetanus antirovin into his musdes and spinal canal 
with no effect I dreaded the final convulsions His ja be 
came ti hter and tighter until everv tooth ached I d be all 
n"ht if y ou could only loosen up mi /a abt w as his onli 
complaint and this was said withoit tears or bitteme s The 
comil ions never came The re^iratorv apparatus bee me 
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affected first and he died peacefully thank God' The great 
est hero of mj tvar expenence— Pnv ate Leonard Tudor 
J;3 129 826 Company H 308th Infantry 
Many times we found ourselves helpless in the face of 
establisned infection or defeated by the development of it 
after debridement Our best efforts often seemed utterly 
futile These boy s were brol en open m a moment of time 
and we spent countless hours trying to patch them again 
only to lose them by infection 
On mv return from France I conferred wnth my fnend and 
advisor Dr ^\ hippie with regard to my funher training in 
surgery and he made this signthcant statement and prophecy 
In tlic past surgeons have been anatomists Now some of 
them arc trying to be pathologists but the surgeons of the 
future will be physiologists chemists or bacteriologists 
Which do you want to be’ M> interest m infection 
aroused m France led me to choose bactenology For 
tunaicly Dr Zinsser then Professor of Bactenology itColum 
bia was sympathetic to the idea which he had had for some 
time of trying to tram a surgeon in bacteriology because he 
felt that the two depamnents should be more closely asso 
ented 

1 he initiation of the plan was postponed dunng a penod of 
service in China but inl9'»5 a bwenologtcal research labora 
tory to serve as a link between the Departments of Surgery 
and Ilictcnoio<Ty in the College of Physicians and Surgeons 
New ^o^kCuy w as established Problems immediately pre 
sented thcmsclv cs To illosiraie a few only In 19'’5 we were 
faced with the problem of finding the cause of a senes of 
hemolytic streptococcus wound infections m clean cases 
and traced it bv careful cross al sorption of agglutintn tests 
to the unmasked n sc of an opcratint; room nurse thus prov 
me conclusively what had been suspected for some time— 
that complete masking is important m stenle tcchnic This 
studv not only led to nmd masking but to a careful checking 
of ill operating room rcchnic and the initiation of a comm 
uous sun cn of w oimd infections vv ith a gradual closing of 
do< rs to all sources of bactcrul contamination The surgical 
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snff hn-! become bacteria consaous and technic has graduafl) 
impro\ cd so tine our incidence of w ound i ifections has fallen 
from 1 5 per cent to per cent m the last fifteen } cars. 

Tiic carc/u) srudj of a fatal case of infection of the ab 
domiml w all m another hospital led to the disco\ er\ of a new 
pithojjCnit anaerobe of the j,as gangrene senes Pnontt of 
disco\crj hottcvcr goes to Sordelh « ho tw o > ears earlier 
found ^ similir organism m Duenos Aires The source of the 
infection in the patient obsened bj us uas traced to the same 
bitch ( f cu^ut used m that ease and in four other fatal cases 
in 1 single wcci This led to a stud) of catgiit stenlity and the 
ilcvcloj iiicnt of an adequate test for stcrilit) There has been 
1 j,rulinl iniproi ement in the sterility of catgut and the stand 
"ir 1 set up bj rho t/n/red Stares Pharmacopoeia is non being 
tniint lined under the ncu Pure Food and Dm s Act admin 
istcrcd In the food and Drugs Administration 

I Iter 1 pcculnr tvpe of progressne ganisrenous ulcer of 
rJic il dominil u ill tolhwmg the drainage of a penroneal or 
picuril 'll) cess nas studied and found to be an e\aiiiple of 
I uurnl tyturgmn Still later another infection characterized 
b\ chronic ulceration with ertensne undermining of the skin 
iiuolvcnicnt of l>niphafic gl nds and erosion of blood sesscls 
eiitic under careful scrutinv and both the cause and a remedv 
w ere found 

1 lie problems which presented themsc) es w ere lecion and 
onlv the surface has Iccn scratched Man\ problems stUI 
await careful stiid\ and soluton 

SURGICAL INFECTIONS 

Surgical mfccnons as distinguished from medical mfec 
tions are pnnianlv hcaf ith locjl c licction of exudate 
or local destruction of tissue Thev deal w ith a fair!) limited 
number of organisms which a e call ptogemc or vecTot}^n$ 
Thei pro luce i iflammations hich u uallv do not spon 
taneou l\ resohe and \hile the\ mav and frequenrh do 
spread extensi cl) aboi t the I od\ ihex tend to lonn foci of 
nf cti n rather than d ffuse processes U hile problen s of 
I II i nitx oiiic I uo the re Im of surcncal bactenolo"\ the\ 
m re often } robic f loc 1 thin of gener 1 resistance to 
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disease 1 he organisms causing surgical infccaons arc in gen 
eral those ^\hlch do not produce any immunity in the host in 
the usual sense However it is well recognized that individuals 
differ in susceptibility to surgical infections and the problems 
of dctermimng the nature of this resistance or measuring it 
or augmenting it are still awaiting solution 
Surgical infections ma\ be divided into four groups accord 
ing to the time of bacterial contamination or inv asion Bac 
tenamay get into the bodv (1) long before or f’) ]ust before 
the patient comes to the surgeon T hey may also get into the 
patient (3) at the time of operation or (4) subsequently 
There arc problems to be solved m each of these four cate 
gones 

I Lo gesiabish d I f«ctont 

In the first group we have such problems as lung abscess 
ulcerations of the stun and of the alimentary tract bram liver 
nnd kidney abscess cholecystitis and osteomvelitis Theosteo 
myelitis of children is a particularlv intriguing problem be 
cause the organisms frequently get in through a portal of 
entry which is not apparent and find especially favorable sur 
roundintrs for growth m certain pans of bone 
1 he synergism and antagomvn of bactena in the produc 
tion of human infection open up a large field of investigation 
w Inch has hardly been touched and w hich aw aits the time and 
energy c f a number of 1 ecn surgical bacteriologists Where 
tv cr mixtures if bacteria arc found m lung abscess m bron 
thicctasis in mouth and neck infections m infections all along 
ihc alimentary tract and m the peritoneal cavity as well as in 
traumatic w ounds both accidental and the intentional w ounds 
f w ar the problem of the s> ncrcisni and antagonism of bac 
vena presents itself and encs out for elucidation Research m 
the antagonism of bactena has rcccmlv borne fruit m the dis 
toverv In Dubois <f gTmnctitti which is an extract of a 
( ( rc fonnin'T soil bactenum w hich has the f ow cr to kill all 
uram positive orijani ms vhen brought in local contact but 
which IS impotent atjunst the ijram nc ativc orcanisms and is 
t \ic for animals w hen used ucncralU SimilarK the discov erv 
1 \ ricming of pcmcill n a pro luct t f the mol 1 1 cnicillumi 
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w hjch lias a similar action m cvtraordmani) minute doses is 
iiider in tes range o/ actitit) and seems to be nontoxic to 
human tissues More cxrensixe studies xvith these products 
should be earned fonxard 

2 I fed 0 n A c d fal W d* 

Groining Extent of Problem in Peacetime -The increased 
speed with vluch man traxels at the present da} the com 
plicated machinery \ btch fic is required to operare and the 
increasmtt violence to which man is subject in this present 
conflict has brought us face to face v ith the grow ing problem 
of what to do to prevent infection b} on»amsins which have 
been introduced into the bod} just before the patient comes 
CO the surgeon 

Even m peacetime the problem of mfccuon in accidental 
wounds has been steadil} growing because of the increase m 
the mechanization of our c^stcnce and the increased speed of 
ourmovements It is true that in industrv saferv devices have 
been provided but compensation laws have removed from 
the mind of the w orker the necessitv of extreme caution He 
IS wafling to take chances and bv the law of chance a cer 
tarn number of individuals must be expected to suffer The 
increased speed of air travel and the increasing numbers of 
people involved have increased a potential danf»er with wh ch 
safety devices have not kept pace and the competition with 
the ai^lane has nccessitateo gWater speeds in tram and auto 
mobile travel for which roadbeds and roads are not com 
pletelv adequate 

Accidents resulting from high speed produce injunes to the 
hutna V bod} that differ from those produced a gencranon ago 
chieflv due to the increased momentum of the movint^ object 
7 his m3} produce injurv to deep tissues or be transmitted 
ft m the site of contact to distant p arts of the bod} The chief 
1 iipomnct of molem accidents h wever is due to the 
i,rcat r number f pc pie im I ed and consequent!} the 
greater nnet} of injuries th t ire incurred 

If or Irimries— The steidil\ grow it imporrance f ci ) wn 
I Cicctmt icci*nrs ■ no . gifith a.i™«mcd bi the countless 
numbers of people injured bj this catacl}sm of war The in 
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creasing numbers and range of the airplane has spread dev as 
ration and death o\ er wide areas so that added to the prob 
lems of gunshot wounds which faced us in the last war we 
have the victims of the blast of bombs and the crushing ef 
fects of falling masonr) It » true that there is a high inci 
dence of immediate death m which there is no problem of 
infection but in those which survive the shock of the injury 
the question of whether they live or die whether they are 
restored to normal living or are ptmuncntly handicapped or 
incapacitated depends largel)- on whether or not infection de 
V clops from the organisms which are introduced at the time 
of the injury or subscqutntlv enter during the course of 
wound healing 

This IS the major problem todaj which has been forced 
upon us b> the adv cnc of war and has tcmporanlv eclipsed all 
other problems m surgical bactcnologj 

Tl e Use 0 / Antiseptics —Experience m the last war empha 
M7ed the importance of removing the damaged tissue and 
foreign bodies from gunshot wounds and in addition the 
majonty opinion favored the use of an antiseptic Dakins 
solution w Inch had a moderate bactericidal and bacteriostatic 
iction but also had the advantageous property of liquefying 
lead tissue It had the disadvantage of being ver\ transient in 
Its action and therefore requiring frequent renew al and it w as 
found to inhibit or dela) the process of wound healino- Fur 
themiorc it was unstable and if not used itv a ftesh state was 
often irritating to the w ound Dunng the tw enty ) cars inter 
val of peace therefore in mani clinics Dakin s solution Ins 
largelv dropped out of use and at a panel discussion at a 
meeting of the American CoHcce of Surgeons m Philadelphii 
in 1938 It was the consensus of the surgeons in the panel that 
the fundamental purpose in the treatment of accidental con 
taminatcd wounds or war wounds was to change a dirtv 
wound into a clean wound bv washinf^ excisin'^ damaf’cd 
tissue and rcmovin" forcicn bodies Thc\ af^recd that such 
v\ oun 1 mi"lit then be closed if ear!> or left open if late It w as 
thtit expressed opinion that xer> bnlc consideration need be 
Luen n the I actcrial flora and that hactcncidil or bacterio 
static a<^nts did more harm than good 
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« hich has a similar action in extraordinani} minute doses is 
Mider m its range of acuxitj and seems to be nontoxic to 
Jjunian tissues Afore extensive studies with these products 
should be earned forward 

2 1 f cf n A d nt I W ds 

Grooms Extent of Prolletn in Fejcewne —Tht increased 
speed with which man travels at the present da> the com 
plicated nnchiner^ w hich he is required to operate and tlie 
increasing violence to which man is subject m this present 
conflict has brought us face to face with the grovnng problem 
of w hat to do to prevent infection bj orcanisms vv hich hav e 
been introduced into the bodj just before the paoent comes 
to the surgeon 

Even m peacetime the problem of infection in accidental 
wounds has been steadily growing because of the in rcase m 
the mechanization of our existence and the increased speed of 
our movements It is true that in industr) safet) devices have 
been protided bur compensation laws haic remoied firom 
the mind of the w orker the nccessin of extreme caution He 
I vviUincr to take chances and b\ the law of chance a cer 
ram number of individuals imisc be expected r> suffer The 
increased speed of air travel and the increasing numbers of 
people involved have increased a potential damper v ith which 
safety devices have not kept pate and the compennon vath 
the airplane has necessitated greater speeds m tram and auto 
mobile travel for which roadbeds and roads are not com 
pletel) adequate 

Accidents resulting from high speed produce injunes to the 
human bodj that differ from those produced a generation ago 
chiefly due to the increased momentum of the movin<y object 
This ma^ produce injurv to deep tissues or be rransnutred 
from the site of contact to distant pirts of the body The chief 
iinpomncc of modern accidents however is due to the 
greater m mber of people involved and consequent!}, the 
greater v anet} of injuries tbit arc incurred 

Tf or Injuries -The stead H gro ing importance of civilian 
j cacetime accidents IS nov greitiv augmented b) thccrantless 
numbers of people injured b> this cataeijsm of war The m 



SURCICAI. BACTERIOUJGY 


VI 

creasing numbers and range of the airplane has spread de\as 
ration and death over \Mde areas so that added to the prob 
lems of gunshot wounds which faced us m the last war wc 
have the victims of the blast of bombs and the crushing ef 
fects of falling masonry It is true that there is a high mci 
dence of immediate death m which there is no problem of 
infection but m those which surMve the shock of the m)ur) 
the question of whether they li\e or die whether they are 
restored to normal living or arc permanently handicapped or 
incapacitated depends largclj on whether or not infection de 
vclops from the organisms which are introduced at the time 
of the injury or subsequently enter during the course of 
wound healing 

This IS the major problem today which has been forced 
upon us b\ the advent of war and has temporanly eclipsed all 
other problems in surgical bacteriology 

The Use of Antiseptics — Ctpencnce m the last w ar empha 
ircd the importance of removing the damaged tissue and 
foreign bodies from gunshot wounds and m addition the 
majority opinion favored the use of an antiseptic Dekins 
solution wnich had a moderate bactericidal and bacteriostatic 
action hut also hid the advantage jus property of liquefying 
deid tissue It had the disidvanta<»e of being ver\ transient m 
Its action and tlicrcforc requiring frequent renewal and it was 
found to inhibit or delay ibc process of wound healing Fur 
thcniiorc it was unstable and if not used in a fresh state was 
often irritating to the wound During the tw ent\ years inter 
val of peace therefore m nian\ clinics Dal m s solution lus 
lartjeh dropped out of use and at a panel discussion at a 
meeting of the Amcncan College of Surceons in Philadelphii 
in 1938 it w as the consensus of the surgeons in the panel that 
the fundimental purpose m the treatment of accidental con 
tammited wounds or war wounds was to change a dirty 
wound into a clean wound bv washmf^ cxcisin" damaf^ed 
Tissue and remov insj {onn<»n bodies They agreed that such 
w ounds mi"ht then be closed if early or left open if late It vv as 
their expressed opinion that verv little consideration need be 
UHcn to the bacterial flora and that bacicnciiil or bacteno 
sntic I'^ents did more harm than cood 
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which has a smiilar action in e traordmanly minute doses is 
wider m us range of acoiitj and seems to be nontoxic to 
human tissues More extensne studies with these products 
should be earned forward 

2 I f ct Aced JslV/ d 

Groj.itig Extent of Problem tn I icetime —The increased 
speed with which man traiels at the present day the com 
plicated inachinery \\ hich he is required to operate and the 
increasing violence to wbicli man is subject m this pres nt 
conflict has I rought us face to face w ith the grow ing problem 
of what to do to prevent infection by oiganisms which have 
been introduced into the body ^ust before the patient comes 
to the surgeon 

Even m peacetime the problem of infection m accidental 
wounds has been steadily growing because of the increase m 
the mechanization of our existence and the increased speed of 
our movements It is true that in industry safety de\ ices have 
been provided but compensation lavvs have removed from 
the mind of the w orker the necess t\ of extreme caution He 
IS willing to take chances and bv the law of chance a cer 
tain number of indiv iduals must be expected to suffer The 
increased speed of air travel and the mcretstng numbers of 
people involved have increased a potential danger with which 
safety devices have not kept pace and the compcntion with 
the airplane has necessitated greater speeds in tram and auto 
mobile travel for which roadbeds and roads arc not com 
pletely adequate 

Accidents resulting from higli speed produce injuries to the 
human body that differ from those produced a generation ago 
chiefly due to the mcrcised momentum of the moving object 
1 his may produce injurv to deep tissues or be tnnsmitccd 
fr< m the sire of contact to distant p rts of the body The chief 
t nportance of modern xtcidents ho e er is due to the 
creater nun ber f people involved and consequently the 
j,reater i met} of injuries that arc incuiTcd 

If ar Injuries —The stcaddy gro ving importance of civnlnn 
j eacetime accidents is no greith augmented bv the countless 
numbers of people injured by thi catacly sm of ar The in 
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creasing numbers and range of the airplane has spread devas 
ration and death over vvide areas so that added to the prob 
lems of gunshot wounds which faced us m the last war wc 
ha\ c the \ ictims of the blast of bombs and the crushing ef 
fects of falling masonrj It is true that there is a high inci 
dence of immediate death in which there is no problem of 
infection but in those which survive the shock of the miury 
the t^uestion of whether they Uve or die whether they are 
restored to normal living or arc permanentU handicapped or 
incapacitated depends largclj on whether or not infection de 
\ clops from the organisms which are introduced at the time 
of the injury or subvcquemlv enter during the course of 
w ound healing 

1 his IS the major problem toda) w hich has been forced 
upon us b> the ad\ ent of war and has temporanU eclipsed all 
tlicr problems m surgical bacteriology 

I le Utc of Atitiscptict —Zxpcntxicc m the last war empha 
si/cd the importance of removing the damaged tissue and 
foreign bodies from gunshot wounds and in addition the 
majonty opinion favored the use of an antiseptic Dakins 
soliitioti \\ liicli had a moderate bactericidal and bacteriostatic 
action but also had the advantageous propertv, of liquefying 
dciil tissue It had the disadvantage of being verv transient m 
Its action and therefore requinng frequent renew al and it w as 
found to inhibit or dclav the process of wound healing Fur 
thcnnorc it was unstable and if not used in a fresh state was 
often irntatin" to the wound Dunng the tw cnt\ years inter 
va! of peace therefore in nianv clinics Dakins solution Ins 
bfgcU dropped out of use and at a panel discussion at a 
tnccnng of the American College of Surgeons in Fhiladclphn 
m 1938 It w as the consensus of the surgeons in the panel that 
ihc fundamennl purpose in the treatment of accidental con 
tanwnated wovmus or wat wounds was to change a duty 
wound into a clean wound by washing c\cisin<T damage 1 
tissue and rcmovin<» forcimt liodies Tlicy agreed that such 
\ mini might then be closed if carl) or left open if late Ityvas 
tl cir expressed opinion thu very httlc consideration need be 
given t> the hvctcrnl flora and that bactcncuhl or baacno 
stuic it^ms did m re harm thin good 
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Ffoni the floor of that panel meeting I tried to emphasize 
the importance of a careful study of the bacterial content of 
such Mounds in order that the surgeon mi"hc know the po- 
fcntialm of infecoon in that Mound Xhus only maj he 
a\oid being caught unaware if infection develops With that 
know ledge it is then the responsibdm of the surgeon to do 
ei er> rhin he can to prevent the ictKicj of the organisms he 
know s to be present and it is also his responsibilitv to be on 
the lookout for the first signs of an mfecnon At that meeting 
I proposed that in addition to cleaning dcbndmg and resting 
the part m wounds over sk hours old which could nor be 
sjfeh closed anew bactencidal afrent ( in peroxide) be used 
ridcstro)^ man^ of the organisms w hich are eommonlv found 

in contaminated w ounds and toinhibit othei> I stated that it w as 
entirely nontoxic to the bodj as a whole nonimtating to local 
tissues and noninhibicing to wound healing At that time the 
sulfonamide dnigs were just being heard from and no one 
had advocited their use m the prevenaon of wound nfec 
tions Sulfamlaniide had been used successfully in puerperal 
feyer and was just beginning to be used in other henoijtie 
streptococcus infections The more retent derivatives had jet 
to be produced 

Dunn" the Jasr two years great changes have taken place 
m the attitude of surgeons toward the local use of antiseptics 
Little bj Iinlc cv idencc has accumulated that the sulfo lamidc 
dni"s as well as zme peroxide maj Iw used v thout much 
lamage to the tissues 

It IS not unlikclj that the discoverj of the new chemo 
tlierapeutic agents wall mark the beginning of a new era in 
surgical infect ons The virtual dsappcarancc of hemolyxic 
streptococcus septicemia in the last few jears and the stnkin" 
lov ermg of mortality in pneumonia mcnin itis and pericon iis 
are general/) accredited to the extensive use of the st/Jfona 
vuie drugs We must hovyever recognize the fundamental 
difference betw ecn medical and surgical infecnons-betv een 
fhe diffuse mflammaro/j process v hich d s not destroj ti^uc 
but permits normal or increased circulanon through the dis 
jsed or^an which we classify as fueiical and the localiimg 
necrotiz ng suppurat n" process w hich w e cl ss f) as surg cj! 
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In the one the neuer chemotherapeutic agents are favored 
m the other thev mav be inhibited This will be discussed in 
more detail in another section of this Symposium 
Status of Chemotherapy of Wounds — I'his whole question 
of chemotherapy m the prevention and treatment of infection 
m accidental wounds is in need of thorougli investigation 
Just now the issues are all confused These drugs hav e been 
used indiscriminately by every one c\ cn the patients them 
selves and the literature is full of reports which arc not reli 
able because they are based upon uncontrolled and tlierefore 
questionable observations The gravest fault has been the 
totally inadequate study of the bacteriology of these w ounds 
cither before treatment began or duting its course It is only 
b\ knowing what organisms are present that we can know 
what organisms the drugs can control Another grave fault 
IS that m most reports tiie thoroughness of the surgical pro 
cedure IS not indicated TTiorough cleansing and removal of 
damaged tissue and foreign bodies themscKts mmimiie the 
number of organisms lessen their chances for multiplication 
and favor the defense of the bod\ Such prehmmarv treat 
ment will also favor the functioning of the chemotherapeutic 
agents \\ c must be able to compare cases rccciv mg the same 
kind of surgical treaunent with and without the addition of 
the medicinal agent in order to find out if it has anv addi 
tional value 

A third serious fault m the reported studies has been the 
lack of detail with regard to the drug cmploved the doses 
used ind the method of administration Well controlled studies 
hav c not v ct 1 cen reported and is far as I know hav c not 
vet been done It hxs not been possible to make controlled 
oliscTs au ns under the strew and strain of w ar m England 
whcrcthcv have been ovenv helmed by the numbers of casual 
tics bnh m the \rm\ particuIarU m the rctrcit from Dun 
kirk and m the civilian population 
Such a controlled studv can lie made in America b\ setting 
m units in van ms cities for the studv of badlv contaminated 
street an! industrial accidents and bums Such units would 
hav e to be fullv equipped to nuke a complete bactcnoIo"ical 
analvvi f the v ounds and fdlow them along wnli periodic 
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From the floor of that panel meenng I tried to emphasize 
the importance of a careful studj of the bacterial content of 
such ^vounds m order that the sur<rcon mi(dit know the po- 
tcnmlitN of infection in that wound Thus only may he 
av Old being caught unaw arc if infection dc\ clops \\ ith that 
knowledge jt js then the responsibiljn of the surgeon to do 
e\ er\ thing he can to pre\ ent the actn m of the organisms he 
knows to be present and it is also his responsibilm to be on 
the lookout for the first signs of an infection At that mccone’ 
I proposed that m addition to cleaning debridint^ and resting 
the part in w ounds o\ er six hours old w hich could not be 
safeh closed anew bactcncidal agent ( tne peroxide) be used 
to destroj nian> of the organisms which are commonU found 
in contaminated w ounds and to inhibit others I stated that it w as 
entireh nontoMc to the bodt asawhole nonimrann'^ to local 
tissues and nomnhibitm® to wound healing At that time the 
ulfonamidc dra<^ \ ere )u$t being heard from and no one 
had adsocated their use in the pmention of \ ound infec 
tions Sulfanilamide had been used successfulJv in puerperal 
feser and was just bei^inning to be used m other nemoUnc 
streptococcus infections The more recent denvatnes had jet 
to be produced 

Dunno the last two jears great chant^s have taken place 
m tile anitude of surgeons toward the local use of annseptics 
Little b^ little evidence has accumulated that the sulfonamide 
drugs as well as zme peroxide ma> be used v ilhout much 
damage to the tissues 

It IS not unlikclv that the dscoverj of the nev chemo 
therapeutic agents wall mark the be«'inmng of a nev era in 
suigical infections The vnmial dsappcarancc of hemolytic 
streptococcus septicemia in the last fev > cars and the striJ^ng 
low ering of mortahtj in pneumonia menm<»itis and peritonitis 
are genenllj accredited to the cxtcnsi e use of the stilfona 
mde dn/gs \Se must however recomiize the fundamental 
difference between medical and surgical mfecnons-beeween 
the diffuse mflanunatorj process which does not destroj tissue 
bur permits normal or increased circulation throu'^h the dis 
eased orctan v hich w e classif> as medical and the localizin'^ 
necrotizing suppurating process \ hich v e classifj as surgical 
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a^cnt which will act on the orginisms normally contaminat 
ini the mucous membranes to pennic operations on the all 
mcntar\ tract w ith as little fear of w oimd infections as w hen 
we operite on the shm 

4 I f ct Sub$ q H Operdt n 

I mall) wc come to problems of surgical infection with 
respect to organisms w htch get into the body after the time 
of operation particularly dunnij that penod of disturbed 
physiology in which the normal barriers to the entrance of 
organisms arc let down The absence of the cough reflex 
under anesthesia which permits orgamsms to pass from the 
mouth into the lorn’s and the spasm of the sphincter of the 
hlulder which retains urmc and often demands cathetenza 
tion perniiiring the entrance of organisms into a normally 
tcnlc ca\ity arc examples of these posropenmc infection 
Tc piiring careful study 

Infections occasionalh occur at the site of postoperative 
medication given cither intravenously imramuscularU or sub 
cutancouslv and this involves the problem of stcnle ward 
tcchnic Not infrequently wounds become secondarily con 
taminatcd at time of ward dressings and this mas materially 
dcliy the wound healing The spread of Bacillus pyocyaneus 
nr the hemoly tic streptococais from patient to patient or from 
nnendant to patient particularly with respect to burns pre 
vents a problem w hich should be scn< usl\ studied 

CONCLUSION 

I ct me dose this brief review of the scope and possibdities 
< f surreal bactcnolo<’y with a pica ilut sunjeons evcrx'whetc 
rcco'Tiac the debt they owe to bactcnoloirv for what it has 
permitted them to do I hope thtt they will also appreciate 
what It mav still do for them if thev wall utilize it to the 
utmost 

\nv hospital w Inch docs not hav c the proper bacteriological 
facilities and personnel trained to carry out routine and re 
seatxh studies properlv with loth aerobic and anaerobic 
technics. Will fall short of adequate service for its surtrical 

Icj arrment and must I etr the responsihihtv for the death 
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cultures until the time of complete healing The\ cvould ha c 
t be able to cinj out standard surtncal procedures and ad 
inimster medicinal treatment according to a prescribed and 
prearranged plan \ntii nondnig treated controls cared for in 
preciseij the same manner in other respects Each umt ould 
ha\e to have a director to coordinate the work and keep 
scrapulouslj accurate and complete records of the nature and 
extent of the injut) the condition of the paaent the meth 
ods of treatment the response to trearmenr the clinical and 
laboratory evidence of infection the speed and character of 
wound healm" 

Such a careful studv cannot be earned out in anj one unit 
for more than a limited number of cases and there vnll be so 
manj variable factors that thev will have to be minimized b) 
sheer w eight of numbers Therefore enough units must be 
set up to obtain data which will be statisncalh significant 

3 I f ef Mh I'm of Op J n 

Problems of surgical infection with respect to organisms 
w hich get into the patient at the time of operauon cov er all 
of the minunac of operatmg room technic This to be effee 
me must be constanti) checked One source of vvound eon 
raminaoon must not be studied or controlled and the others 
nef»lected \\^ound contaminaoon from a// sources must be re 
duced to a muumum This is a perennial problem and j ear in 
and ) ear out the most important problem in surgical bacten 
olog} W c hav c not \ ct reached the irreducible minimum of 
w ound infection ^Miile stenliC} can be absolute with re^^ard 
to soluuons and drj goods which can be put m die autoclav e 
and with respect to instruments which can be boiled (this 
will be covered in a later section) we snll have to find 
agents which will kill bactena on and in the skin of the hands 
and arms of the operanng personnel and the skm of the pa 
ticnt in the field of operation "W e must find foolproof mi 
permeable masks to minimize contamination from the noses 
and mouths of the operating team and we must find a waj 
to destrov the orgamsms present m the air of the operatin 
room The recent use of ultraviolet radiation maj be the 
ans r c hav e > et to find a safe and adequate bactericidal 
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STERIU2ATION 
CARU W WALTER M Dt 

Inc basic facts and principles underlying aseptic technic 
incnt repeated emphasis The tcchmc must coordinate the 
bioph) sieal facts of sterilization w ith the needs of modern sur 
gcri Standardization of technic whether m individual hos 
pit'll or m tlic \ arious hospitals m a community mal cs tram 
ing of personnel easier and increases the convenience of those 
who must worl m several hospitals Striking economics in 
time hbor and materials result from proper use of well mam 
timed equipment Increased safety for the patient is the m 
cv liable result of collaboration of the hospital sraiT m improv 
mg aseptic technic t 

STERILIZATION BY MOIST HEAT 
1 1 ysicjl 1 rop rues -Several facton have established satur 
itc I stcmi as the most rclnblc microbicidc for the sterilization 
)f tcvnlcs Sinintcd steim is » physical entity with properties 
which arc rcidils measured Hence ans one can dctcnnme the 
microl ici lal qiialitv of the steam in a stcnlizcr by reading a 
therm niictcr an 1 a pressure gauije Tlic term saturated steam 
mean thu tiic tcim tserts the maximum pressure for water 
\ q r at the given temperature Ihc steam is tlicrcforc m a 
titclvin nthcbiundm Ictwccn two phases of aggre^a 
n n ]i jm 1 in I v ap ir I he sliifi fr im one state to the other 
cut 111 nrelativclv lar^c c\clian*re of cncniv In the range of 
tcmjcrmire an I pressure ordmmlv u cd (or stcnU7;ition 

In 111 n f S ipeal Rwe h H rv J M d cal School 
IhStc la fhl DctBchm Hosp I Btm n 
t n reel Ijl n f ^ ipeal R«sc rch and Assoct t Siirern 
H o M J I ‘vhool \ we Virycn P Bent Bnsrhim Hot- 

* ' J Vsep Open c Roc m Tech 1 LI 

vl H t\ d M deni S>.twol Ltbon rv C S lyical Rtse rch 5 
'dv Ito V Street IV M «• Th 16 itun Kod hrom ten film 
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or the cost of long hospitalizaaon and disability of patients 
suffering from surgical infecttons It is hoped that where such 
facibties are lacking the chief of snigerj or the hospital trus 
tees will demand fund for the equipment and runmn^f ex 
penses for such a sen ice It will more than pay for itself in 
the saving of life and the shortenu^ of hospitalization and 
disability \t the same tune such laboratories may bv some 
fortuitous circumstance to<»ether w ith effort and perseverance 
be able to make a contnbution to the sum of med cal knowl 
cdwe that will be of inestimable value 
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I csser degrees of supcrlieating are caused b) putting anh\ 
drom fabric into tlie stenlizcr Such fiber, may adsorb as mucli 
ns ■* per cent of their dr) weight of water from the steam 
ind liberate excess latent cnerg) which superheats the tex 
tiles The cumulative effect of suiwrhcatmg can be readil) 
demonstrated Identical samples of textile were stenbzed si 
multaneously dunng the winter months when the humiditv in 
he itcd rooms IS low The samples which were laundered (h) 
dritcd) immcdiatcl) prior to sterilization lost 50 per cent of 
tlieir tensile strength after sevent) trips through the laundr) 
nnd stcnli7cr whereas the samples which were stenlized re 
pcatcdlv lost 73 pet cent of their tensile strength’ 

It his long been recognized that anhydrous greases or oils 
decrease the lethal action of steam because they cover dry 
orcmismsnnd convert them into miniature dry heat ovens 
I he temperature used for steam stcnhzarion is not high 
enrugh to be lethal in the absence of moisture 
Hie presence of air m i steam sterilizer retards or prevents 
stcnlintion m several ways Air steam mixtures do not de 
\ clop the temperatures characteristic of saturated steam under 
the same pre sure hence killing pow cr is decreased The heat 
mg cfficicncN of air steam muturcs is also lower than that of 
smirated stcam-a fact which is particularly important in the 
tcrilization of instruments or solutions Air reduces the pcnc 
tntin" power of steam because it prevents the convecnon of 
team into bundles and blicrition of latent energy m the 
vlc] ths of the bundle In a stcnlwcr where air is present heat 
mg I pnnci{ i!l\ bv conduction Because air and steam do not 
fonii stal Ic mixtures except under adiabatic conditions air 
[revenrs steam from contacting bactena and the bacteria 
vhicliarcpr tcctcd bv air escape destruction 
\ir can be removed from the stcnlircr easily by taking 
i Ivanta^c of the fict tbit air is more dense than steam and 
tratifics 1 clow If \n utlct at the I ottom of the sterilizer 
jcniiits the air to escape h\ crantv* yust as water flows out 
the dram of a I athtub In a loaded sterilizer three factors ma\ 
interfere \ ith air clearance Fitst steam must have free access 
t packages t< assure rapi I dcpcndal !e stcnhzation The con 
vcnti nal Tcnhzin<T drums limit the surface of the package 
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5 4 cjloncs of latent energj are liberated e\er) time 1 j,rJin 
of steam condenses On concacting cold objects saturated 
steam condenses stmultancoosfj beating and \\cttin<» them 
thereby protiding both requisites for thermal destruction of 
bactenal life— moisture and heat 

Saturated steam penetrates textiles readily for r lo reasons 
first steam is less dense than air hence does not met with ic 
rcadil} and displaces the colder heaijer air from the inter 
snees of textiles bj convccaon becond abstraction of heat 
from steam causes a change m its state with an attendant 
99 per cent decrease in \olumc This lolume collapse results 
in the instantaneous development of local areas of nef'atnc 
j ressure which speed up convection Steam thus carries energj 
into a bundle and disappears making room for more steam 

Bjctertctdal Action —Resistant drj spores are dcstrov ed in 
thirteen minutes b) saturated steam at 230 F (Fi^^ 94)-an 
exposure which is practicable and does not descroj textile 
fibers final ad\ antage n that textiles feel dr) w hen remov ed 
from the stenbzer 

Ljnnratio/js —Despite the outstanding advanra^es which 
seem ro make satunted steam the ideal microbicide there arc 
limitations xv hich decrease or nullif) its effectiv cness Tliesc 
have been described but fev surgeons realize their imp r 
tance 

WTien steam is super! eated its bactericidal pow er is diimn 
I iicd and if superheated enough it chars te^es One com 
mon cause of superheating is the maintenance of a hif'her 
pressure and hence temperature in the sterilizer jacket than 
in the chamber The hotter |ackct adds heat to the saturated 
steam m the chamber dnvin«^ it avvav from the vaj or liquid 
boundarx Extreme superheatin'' occurs v hen fabnes are put 
into the srenlizcr while steam pressure is maintamel m the 
jacket The textile fibers are hcatel to the temperature of tl c 
jacket and ire also de ecated When steam i turned into the 
chamber the thirstv fibers ad orb water f<m the stem 
liberating latent enenyv v hch s dsspatcl bv stijerheitin 
the preheated fabric Tl e temperature of the fal nc reaches 
the charrintr po nr and pones eoiis com! usrion mJv occur 
w hen such f ibr s ren o ed from th sterilizer 
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Lesser degrees of superheating fltc caused bj putting anhy 
drousfibric into the stenlizer Such fibers may adsorb as much 
IS ^ per cent of their dry weight of water from the steam 
and liberate excess latent energy which superheats the tex 
tiles The uumulative effect of Superheating can be readilv 
demonstrated Identical samples of textile were sterilized si 
multaneouslj during the winter months when the humidity in 
heated rooms is low The samples which were laundered (hy 
drated) immediately pnor to stenhzation lost 50 per cent of 
their tensile strength after seventy tnps through the laundry 
and sterilizer whereas the samples which were sterilized re 
pcatedlv lost 73 per cent of their tensde strength 
It has long been recognized that anhydrous greases or oils 
decrease the lethal action of steam because they cover dry 
organisms and com ert them into mimanirc dry heat ovens 
The temperature used for steam sterilization is not high 
enough to be lethal in the absence of moisture 
The presence of air in a steam sterilizer retards or prevents 
sterilization m setcral ways Air steam mixtures do not de 
velop the temperatures characteristic of saturated steam under 
the same pressure hence 1 illmg power is decreased The heat 
ing efficiency of air steam mixtures is also lower than that of 
aturated steam— a fact which is particularly important m the 
sterilization of instruments or solutions Air reduces the penc 
tratinc pow er of steam because it prevents the convection of 
steam into bundles and liberation of latent energy in the 
depths of the bundle In a stenlizer where air is present heat 
mg is principally by conduction Because air and steam do not 
f)rm stable mextures except under adiabatic conditions air 
prevents steam from contacting bacteria and the bacteria 
w hich are protected by air escape destruction 
Air can be removed from the stenlizer easily b\ taking 
advantage of the fact that air is more dense than steam and 
stratifies below it An outlet at the bottom of the stenlizer 
permits the air to escape by gravity ® just as water flows out 
the drain of a bathtub In a loaded sterilizer three factors may 
interfere w ith air clearance First steam must hav e free access 
to packages to assure rapid dependable sterilization The con 
\ cnnoml srenlizinCT drams limit the surface of the package 
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exposed for interchange of air and steam and retard steriliza 
tion® ^ Second crowding pdcka<res of textiles together 
results in compression of their contents and penetration bj 
steam is made difficult Sterilizers should be equipped wiffi 
sheh es so that maximum nnlization of space is possible with 
out pilmg packa«fcs on top of each other The wndelj used 
basket shaped carriages should be abandoned because it is 
impossible to load such a basket without compressin<r the 
packaoTfs ar tjje bottom Third stcnJizers must be loaded to 
provide a horizontal path for the escape of air from all non 
porous containers in the load other v ise ev erv hollow where 
water might pool will trap aiT 


F cf s n Effect eSt mSi I i fSglD g 


The routine control of steam sterilization of surgical dress- 
inf's requires knowledge of four factors which influence the 
efficacj of the process 

1 Tie juaht) of tie steam Lemg used iii the stertli er 
must be detervnued The temperature of the fluid in the 
chamber exhaust hne indicates w hether air steam or a mix 
ture of the two occupy the lower portion of the steniizer 
If the chamber pressure is 15 psi the temperature m the prop 
erJ) designed exhaust line will n»e to 50 F xthen saruratw 
steam has displaced the air and fills the chamber 

2 The period required for the steam to penemte the largest 
bundle nmst be kiw^n This can be predetermined bj estab 
bshing a standard size shape and internal arrant'cment for the 
largest lundle A laparotomj Kit weghm^ 18 pounds can 
be wrapped in a packj«'e 2 b\ 15 bj 8 '' Indies m such a 
fashion that saturated steam ill be in contact with its entire 
contents within founecn nunutes after the temperature in 
the exhaust hne rises to "^50 F 


The (General principles of pacLamn*^ the supplies fra 
laparotomj are illustrated The \ooden trou'^h (Fi^' 95) 
hnuts the size and shape of the packa^re to standard d men 
sions hich permit uniform penetration The rapper con 
Am dp gh fi m>bb dfm th Hirr d 
FdnSn B1 ILbra Cambnd MI 4 4 16 
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sists of two sheets (63 bj 90 inches) folded crosswise to 
form four thidvtiesses 63 inches long md 4> inches wide 
the sheets are then draped in the trough as the first step in 
making the package Supplies needed during the operation 
(sponges abdominal pad s additional towels final dressing) 
are placed m the bottom lajer The laparotomy sheet suitably 
folded and rolled to afford easy draping as well as to provide 
channels for ready penetration to the center of the bundle 
occupies the center of the second byer This sheet designed 
to co\er the whole field from anesthetist s screen to patient s 
feet IS pie ited from top and bottom tow ard the opemng for 
the operative field The pleated sheet is then rolled from either 
side toward the center to form relatively open parallel rolls 
When properly located in the package the rolled sheet effee 
tively divides the contents into four small sections which are 
easily sterilized Towels for drapin*? the skin are piled on top 
of ttie rolls gow ns for the team are arranged about this cen 
tral pile to fill the space m the wooden trough 
The two uppcctnosc lasers of the wrapper ate brought 
across the top of the bundle and tucked into the crevice be 
tween the pile of supplies and the sheet lining the trough 
The folded edge of the wrapper laps over these thicl nesses 
and the other lay ers are then overlapped to close the pack 
age against accidental contamination The bundle is com 
pletcd ^ust as an\ paper wrapped packige and secured by a 
library tie of \ enenan blind cord This package can be 
opened by an unstenie nurse without danger of contamma 
tion Its c( ntents are instantly accessible m the order m which 
they are required during operation 

3 The surili^rjimst beloidedto provide a! on oiitalpath 
for the esetpe of an The bparttomy bundle is arranged m 
tcmally so that air is displaced most readily w hen the pack 
arre IS placed in the sterilizer on its by 8 / inch side A free 
space must be pr< ided for the circulation of steam above 
and below each pa k3<^e Crowding of packages and com 
pression of their contents must be avoided 

4 The period of continuous exposure to saturated steam must 
I measured Continuous exposure is essential because as steam 
penetrates a package it condenses on the fibers of the fabric 
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in quantities proporaonal to the heat required to raise the 
material to the temperature of the steam The heating spread 
cenmpetallj m a distinct zone of demarcanon the tempera 
rure necessary for stenlizaaon exists only v here the goods are 
moist a fcr\ centimeters in ad\ance of the zone the fabnc is 
dry and relant ely cool If this orderly heatm«- is stopped the 
outer rtet shell of fabric cools and must be reheated If the 
( mer third of the package cools to ■’P F 30 per cent more 



steam is required to reheat the outer wet shell (n o-thirls of 
the package by w eicht) because the moisture left m the fabric 
I j the initial heating requires heat in addition to that needed 
by the textile 

The operation of a stean steril zer is based upon the proper 
correlation of these four factors with the thermal deatli time 
for bactena illustrated in Fig 94 The stenbzing period for a 
[ rope H lo ded sterilizer is tuned from the moment that 
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saturated steam fills the chamber as indicated by the tempera 
ture of the fluid m the chamber exhaust line Sufficient time 
must be allowed for penetration of the largest bundle and 
destruction of bicteml life 




Tor example in a large sterilizer tlic temperature in the ex 
haust line indicated the presence of saturated steam (250 F 
15 psi) m seventeen minutes (Fig 96) The temperature m 
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the center of a standard bundle did not indicate complete 
penetration by steam until fourteen minutes later Thirteen 
additifnal mmutes are necessary for microbicidal action 
Therefore a period of thirty consecutive minutes provides 
for complete pcnetratw n of the load plus ample exposure of 
the least accessible spore in the bundle to saturated steam at 
■^50 F with a margin of three minutes 

\fter the textiles have been sterilized the steam is vented 
and the load dried by Jetting the sterilizer loot stand ajar for 
fifteen minutes w hile the steam pressure is maintained in the 
jacket \ partial v acuum mav be dev eloped in the chamber to 
aid dr\ ing if desired bur is unoccessarv 

STERILIZATION OF RUBBER GOODS UTENSILS AND 
SUTURES 

R bb G« d 

Rubber glo e are difficult to stenlize because air is readilv 
crapped mside the fingers and palm of the (^love unless a 
definite channel is pr >v idcd for the prompt interchan<ye of air 
and steam This is accomplished by inserting a folded spon«'e 
in the cuff of each ^lov e A gram of pow der can be dispersed 
throughout the meshes of one spon e which can be used as a 
powder puff Talc is so impenetrable by steam that its stenl 
ization IS not practicable unless the individual grams are et 
posed to steam in this manner Gloves must be \ rapped so 
that the pos non of the thumbs is known and the packat^s 
must be placed in the stcnlizer so that the plov es stand on 
edge with the thumbs up to insure clearance of air here the 
vv et glov e technic is used the glov es are stenl zed in a special 
musbn folder hich has a tab that can be inserted in the 
cuff The o^Ioves can be casH shaken from the folder nto 
the basin of germicide 

Rubber tiding asepto-synn<zc bulbs and the like ma\ also 
trap air 1 roper pos tionin*^ will provide a 1 onzontal path for 
the escape of air but this is often inconv en ent It is easier to 
nnse the lumen of the rubber article with water immedi teh 
prior to sterilization The mo sture remainin<' on tl e inner 
alls provid s for scenli ation when heated to >0 F and 
causes the displacement of tlie air as described in tl c section 
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on the sterilization of solution Rubber goods should be 
stenlized for thirt) minutes at ’’50 F Gloves are spoiled b) 
puncture rather than by stenlizauon 30 per cent are punc 
Tured the time they are used 
The chemical disinfection of bulty rubber goods (anes 
thetists masks Kellv pads etc ) is considered later 

Ut I 

Basins and other utensils are advantageously sterilized bv 
saturated steam because the) can be wrapped for easy hand 
lino- and storage Because the lits arc dry when removed 
from the stenhzer odd items of dt) goods cnstomanl) used 
in the basins may be sterilized in them Thus abdominal packs 
can conv enientl) be sterilized m the saline basins It is impera 
me to wrap utensils so that they can be placed on then sides 
in the sterilizer to insure a hon ontal path for the escape of 
air If several basins ate nested locether care must be tal en 
that the position of the inner ones is similar to that of the outer 
ones Properlv wrapped and loaded kits of utensils can be 
sterilized wlt^l bundles of textiles b\ exposure to saturated 
steam at lO F for thirtv minutes 
Terviiml Sterili ation of Utensils —Tht basins from cases 
where dangerous organisms have been encountered are emp 
tied into the 1 ickpail and then nested in a muslin bag for 
sterilization in saturated Steam at 50 F for thirty minutes 
Sufficient chlorinated lime is added to the fluid m the 1 ickpail 
to make a solution of 1 1000 free chlorine which disinfects 
the pail 

S Ik C it d Nyl S f e 

These matenals must be stenlized b\ steam because abso 
lute stenhty is essential for their successful use Silk and nylon 
sutures are stroncrer after steam stenlizanon than after boding 
because thev are dry and thus have their maximum tensile 
strength when the surgeon uses them All can be sterilized 
repeated!) without appreciable detenoration provided super 
heating is avoided b) moistemng the sutures slightly immedi 
aceJy pnor to stenhzition when the relative humidit) is low 
and b\ avoidinn- fault\ operation of the sterilizer 
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The handling properties of silk can be improved b\ dippinf' 
the hanks m molten beeswax The hank can then be folded 
tucked into a test tube wrapped and stenlized b} thins 
minutes exposure to saturated steam at 250 F Steribzation 
IS possible because beeswax adsorbs per cent if its wei hr 
in water dimng sterilization 

STERILIZATION OP SOLUTIONS 

The stenlizauon of soluuons presents an apparent incon 
sistenc^ in technic because flasks arc put m the sterilizer in an 
upnght position and no proxnnon is made for a honzontal 
path for the escape of the air from paniallj filled flasks The 
presence of w ater alters the problem how ci er The tempen 
ture de\ eloped in a load of textiles depends upon the tempera 
rure and hence the pressure of the saturated steam that c in 
denses inside the bundle The temperature of the water in a 
partialh filled flask depends onl\ upon the tempenrarc of 
the \ alls of the flask In saturated steam therefore the tern 
penture of the liquid ultimately approaches that of the sur 
rounding steam and laponzaaon inside the flask becomes 
sufficient!) npid to fill the flask with saturated steam dm in" 
off the air c\ en though there is no honzontal path for its 
escape The air is displaced so completely from unstoppered 
flasks that w hen the flask is stoppered and cooled a 9 inch 
\ acuum results 

The stenlizaaon of solutions presents a second problem not 
encountered m sterilizing dry "ood At the end of the steril 
izing cy cle flasks of solutions arc as hot as the surroundin" 
steam and because the liquid is subjected to the i apor pressure 
of the steam it is m a stable condition How cv er if the steam 
pressure in the stenLzer is vented this cquibbnum is upset 
the solution becomes too hot for the pressure exerted upon 
It and excessive vaponzaQon occurs This may esult m con 
centration of the solution or if the vaporization is explosn e 
much of the solution may be lost during the violent ebullition 
of steam which occurs when the pressure is rebeved To pr 
vent this the steam to the sterilizer jacket as well as to the 
cliambcr should be shut off and the v hole sterilizer per 
mitted to cool to 2Q0 l^ftfre the stenU^r door is openel 
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Under these circumstances the soluaons lose heat to the steam 
in the sterilizer which in turn loses heat to the walls of the 
stenhzer The pressure decreases as the tcmpecaturfi falls and 
eqmhbnum is mamtained through the cooling cycle 

Successful sterihzation of solutions also demands a detailed 
knowledge of their cbiractertsttcs It is useless to attempt to 
sterilize a chemical that decwnposes at a temperature lower 
than that used m the sterilizer Hydrogen ion concentration is 
important since many chemicals are stable only under specific 
conditions It is therefore important to use pure distilled w ater 
as the diluent Improperly nnsed glassware may add residual 
alkali from detergents to the solunon and cause decomposi 
tinn The use of soft glass may pcmut the development of 
an alkaline reaction at the liquid glass mtetf ace 
For example dextrose solunon can be sterilized without 
deterioration when the pH is acid and the containers are made 
of hard glass If the pH is alkaline caramelization occurs and 
the solution turns brow n Solutions of procaine hydrochlonde 
can be sterilized in a steam scenbzer in hard glass containers 
if 0 001 normal hydrochloric acid is used as the diluent On 
the other hand solutions of sodium rctraiodophenolphthalem 
must be kept alkaline or precipitation occurs This drug must 
be dissolved without shaking in carbon dioxide free water 
sterilized and hermetically scaled so that carbon dioxide has 
no access to it The three solutions mentiotLed can be sterilized 
at 250 F for thirty minutes hermetically sealed and stored 
indefinitely without appreciable deterioration 

REQUISITES FOR EFFECTIVE STERILIZATION BY 
STEAM 

Reliable routine steam sterilization can be earned out only 
when 

1 Permanent personnel are charged with the responsibility 
for proper packaging and loading of supphes and operation of 
the sterilizer This group must be well trained and perform 
their duties wholeheartedly 

Sterilizers are provided wath an adequate quantity of 
stcim (pounds of steam per hour rather than pressure head) 
to permit prompt heating of the load 
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3 There is a means of ineasunn<7 (bj thermometer or 
otheniise) the temperature of the fluid m the exhaust line 
of the sterilizer 

4 A timer automaaeallj indicates the maintenance of a 
temperature of aO F an the exhaust Jine tor thirty minutes 

5 There is adequate sterilizer capacit) (cubic feet of usable 
space not number of sterilizers) to permit operation at no 
more than 8S per cent capacity during the normal worlvin 
hours of the sterilizer attendants Such capacitj is essential 
to eliminate the necessitj foroierloadinf^ stenJ zers It is foil) 
to expect srenJizarion of a i oJume of supplies reqiiinnf' rluftv 
to tfurtj SLx hours for proper stcnhzation m a txi entj four 
hour penod 

6 Sterilizers arc mamcamed bx periodic mspcction b> a 
trained mechanic x'ho undei^rands the design and use of 
sterilizers and v\ ho appreciates the imponance of their proper 
maintenance 

The penodic testing of stenlitcr b> the planting of cul 
cures IS a complex technic which is too liVch to lead to errone 
ous conclusions to be advocated as a general method If used 
the techmc outlined bv Ccker* should be follow ed The use 
of tell tale ind cators m the packs js not ]usti/ied because chev 
perform crrancall) and arc tufficult to interpret 

TERMINAL STERILIZATION OF DRY GOODS 

Unsoilcd dres inf^ from operations m \\ hich pus or danger 
ous spores hi e been encountered are gathered into the muslin 
bag pros idcd for the stcnhzation of utensils The\ arc steril 
ized alon" w ith other dr> goods in saturated steam at SO F 
for thirt} minutes 

MI hnen and gox ns from such cases are gathered into a 
clean duck laundrs marked commurucable and sent to 
the laundrj et hnen must be wrapped m sufficient dt) 
matenal so that there is no danger of bacteria laden moisture 

cttiog throu h 

In the laundrv the bag is empaed into a breaker and the 
I j" IS thrown in also Cold vater b added and the breaker 
run f rn entj minutes to wet and dislod c dried blood feces 
pu 5 and bits of tissue Soap is then added until a stiff hther 
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forms and the breaking continued while the w ater is heated to 
boiling This is usually done by injecting steam into the water 
Sufficient soap is put in to form a second lather and a 5 per 
cent excess of soap is added to insure alkalinity enough to 
destrov spores After fifteen nunutes exposure to boiling 
water the load is treated as ordinary laundry If suitable laun 
dry equipment is not a\ ailable soiled contaminated dry goods 
may be immersed in a 1 1000 solution of chlorine made by 
diluting chlorinated lime with an appropriate quantity of tap 
w ater Colored fabrics ma\ be bleached bv this process 

STERILIZATION OF INSTRUMENTS 

The sterilization of instruments presents several problems 
which must be considered in order to provide utmost safety 
for the patient long hfe for the instrument and convenience 
for the surgeon Surgical instruments are of three 1 inds (1) 
those which withstand sterilization by moist heat ("’) those 
with cutting edges which corrode readily when exposed to 
moist heat and finally (}) those which are delicate or made 
of materials which arc not heat resistant and which must be 
sterilized b\ chemical means 

Circumstances also determine the method of sterilization 
Tor preopertn e sterilization a technic should be chosen 
which destroys all spores and as will be seen this predicates 
the use of all ah in the nonpressure sterilizer or exposure 
to steam at temperatures hK'her than 50 F For the evier 
gency sterilization of instruments a method must be chosen 
which IS so rapid that the suigeon is not inconvenienced by a 
prolon<Ted period of sterilization Finally there is the terminal 
disinfection of instruments known to be contaminated Avith 
dangerous orgamsms from an abscess a gangrenous region or 
the gastro intestinal tract To be reliable a technic for the 
sterilization of instruments must be sufficientU rapid to elim 
mate the human tendenev to circumvent a lengthv procedure 
Inconvenience face saving and impatience militate agamst any 
technic w hich requires more than ten minutes for completion 
Lv cn that period is too long to be practicable for emergency 
sterilization The tcchmc must also be selected on the basis 
of how the instruments are cared for between operations 
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Instruments Tvhich are lubricated pnor to storage cannot be 
sterilized unless precautions are taken to remove the oil or 
frrease The same is true of ^ots of blood pus or fecc 
which maj accumulate m the serrations of the jaws in the 
locks or m the catches of instiuments The mcnistaoons pr >- 
tect bactena and delay sterilization, bejond the penod re 
quired for a mechanically clean instrument All instruments 
should be unlocked when moist heat is used because ti htly 
opposed metal surfaces ate not wetted These f^tneral pnn 
ciples are violated frequentlv 

P P f Sf t t f I I m ti 
The noiipTesmre sterilization of instruments depends 
upon the use of loihng setter as a microbicide Tlie liinita 
tions of this technic are well rect^ zed The maximum tern 
perature attainable IS 2P F at sea level That temperature is 
not lethal to spores Therefore instruments prepared bv 
boiling may still be concaniinated with spore bearjn«' organ 
isms Nonpressure sterilizers which arc equipped vvnth devices 
to control the amount of steam thrown off when the water 
boils must be carefuU) supervised because such devices mas 
depress the temperature too much To be rel able in the aver 
age nurses hands such stenhzers should be equipped with a 
thermometer so that faults operation of the vapor control s 
e\ idcnt A final limitation is the fact that air is readily trapped 
under inverted objects and orvanisms ire likely to escape 
destruction unless the boilinf per od is prolonged 

The microbicidal efficiency of nonpressure stenJizers can 
be increased by fillino’ and cov^tin<r everythmg with v ate 
so that air pockets are el mmated The addition of ’ per cent 
sodium carbonate (sal soda) or 0 1 percent sodium hydroT le 
(lye) to alkalmizc the water not ody decreases the corrosive 
acuon of boiling v atcr but also increases its bactencidal ef 
feet The rehability is also increased by keepinff oil and 
grease out of the stenlizer and by unlockin'^ all instruments 
so that the boding vv ater can contact all surfaces Instruments 
should be boded for thirty minutes In bodmg ’ per cent 
sodii m carbonate or 0 1 per cent sodium hy droxide solutions 
instruments ire stenlized by fifteen minutes expr ure The 
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latter conditions are sufficient to destroj all but the most 
resistant dr) thermophilic spores and oi^nisms protected b) 
incrustauons of protein or a coating of grease 
The use of pressure stenhzeis for the stenhzation of m 
struments is becommg more common The problems presented 
b) pressure stenhzation arc similar to those of steam steril 
ization of dressings except that instruments present surfaces 
to be stenhzed rather than bulky masses of textile fibers 
Hence penetration is not a problem Air clearance is im 
portant chiefl)t because the air ptetents mechanical contact 
benveen the steam and the instruments and lowers the ulti 
mate temperature attained Steam sterilizers have a deleterious 
effect on instruments because steam condenses on them and 
corrosion occurs under the droplets of condensate Condensa 
non can be reduced to a minimum b) preheating the mstru 
ments to sterilizing temperature b) hear radiated from the 
steam jaclteted chamber wall befoce the steam is turned into 
the chamber to do the actual stenhzing Instruments which 
are to be stored should be dried after stenlizanon b) leaving 
them m the chamber with the sienlizer door ajar while steam 
pressure is maintained m the jacket 
There are two distinct techmes m use for the sterilization 
of instruments b) steam under pressure One is based upon 
the use of steam at 250 F for fifteen minutes the other upon 
steam at 270 F for three minutes (Fig 94) With either 
technic the instruments must be unlocked clean and free from 
oil or greise and the exposure must be based upon the tern 
perature de\ eloped in the exhaust line of the stenlizer A 
reliible technic for the sterilization of instruments (dirty as 
well as clean) is desenbed under Terminal Sterilization of 
Instruments 

Em g cy St I t f I st m t 

The need for emergenc) sterilization arises diil) Ever) 
surgeon has experienced the exasperating dela) caused b) the 
omission of instruments from the kit the inadv ertent dropping 
of an instrument to the floor or the unanticipated need for 
instruments required bt a change m the operatn e procedure 
In man) clinics quick sterilization boihng for one or tw o 
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minutes in a small clectnc sterilizer or chemical disinfection 
( just ipe the instrument wth a germicide ) are sanctioned 
because of the emcr^enc} In operating rooms where more 
thorough methods arc used the impatient surgeon often 
stampedes a timid circvdatiog nurse into returning an insrru 



ment to the operaos c field bef re it has been adequateh 
sterilized 

Safe emergenej sterilization can be carried out quid I) and 
efficienth in a special storm sterih^ Steam is admitted to 
the jacket of this stenhzer prior to operation and a pressur 
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of 27 psi IS maintained donng the procedure so that the 
sterdizer is instantly available and condensation on the cham 
ber ualls is prevented Instniments must be scrubbed with 
soap and water and slushed in a fit solvent The clean un 
locked instruments are placed m the sterilizer in a perforated 
metal traj and the door closed tightl> Steam is then ad 
mitted to the chamber so rapidly that a sterilizing temperature 
of ■’70 F IS attained m forty seconds (Fig 97) Spores of 
the most heat resistant organisms are destroyed at 270 F m 
two minutes (Fig 94) After a three minute sterilizing period 
pressure in the chamber can be rehev ed quicU\ A detachable 
handle is then fitted to the stenhzing tray and the sterile 
instruments are carried to the operative field This technic 
enables the circulating nurse to return an instrument to the 
operating table in less than five minutes with no compromise 
of aseptic techmc Because of the rapid action and high tern 
peratuie attained in this stctihzet spotting and corrosion of 
instruments are eliminated 

The emergency sterilizer described has a profound effect 
upon instrument technic The fact that instruments are avail 
able quid ly permits the routine use of smaller instrument kits 
because should the need for more instruments arise they can 
be supplied without delay Duplicates of special often cx 
pensive instruments are unnecessary savings m labor and 
maintenance of instruments are possible and the instrument 
inventory can be decreased in quantity and increased in 
quality 

T m 1 S» I J f I f m » 


The need for terminal disinfection of instruments from 
septic cases has been reco'^iuzed and special technics for the 
tomine stenlization of such instruments have been devised 
The only bactenolofricallv safe technics are based upon the 
exposure of such instruments to moist heat above 230 F 
Soaking contaminated instruments in germicide prolonged 
boiling after thorough scouring and scrubbing or combinin^^ 
these in \ anous w av s is not only nme consuming but also re 
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mo\ Ci the instruments from arculation hat is of greater 
importance to safet\ d4n<^rous spores may be sprea I 
throut'hoiit the tperating room clunng the cleanin<» proccs 
or nonpressure sterilizers ma) I c contaminated w ith spore 
which sunue hours of boding 
Instruments contaminated stith pus blood tissue or fecc 
can be sterilized b) immersing them in a lO per cent soaj 
solution and autocliMnsj them at 50 F for thin\ minutes 
This practice has the disadrantas'c of usintr equipment pn 
manh desismed for another purpose The interior of the 
autoclave is usuallv fouled with soap and denatured proteins 
which arc spattered on rhe chamber wall when the srean is 
vented The danger of scalding the attendant who remivcs 
the instruments from the sterilizer is great 
A safe rapid technic for cleansin'^ and srenlamg contartj 
mated instruments is to erposc them to a detergent solution in 
1 stenlizcr designed to remote the oil and scum from the sur 
/-leeof the tvater leaving at the most a monomoJccular filn 
of Oil w hich can be sterilized ’ This is com eniently done in a 
V emcal autoclav e constructed to withstand an operating pres 
sure of ’7 psi TJie soiled msrruments are collected in a stam 
less steel bucket direct!) from the instrument table bv the 
scrub nurse The bucket is placed m the sterilizer over a 
baffle w hith forces the water to circulate through perfom 
tions in the bottom of the bucket (Fig 98) A steam co 1 lo 
cited beneath the baffle supplies adequate heat for rapid stenl 
ization and sets up comccoon currents m the v atcr to carr) 
the oil and grease which leave the msrruments and nse to the 
surface toward an overflow at the rear of the sterilizer Tlie 
continual nse in the w ater level due to the evpansion of the 
heating water carncs the oils and scum formed b) the blood 
and pus ov er a knife cd^e m erflow into a reservoir whence it 
IS discharged into the dram The addinon of a detergent to 
peptonize the proteins and saponif) and peptize the greases re 
moves all dirt and eliminates the necessit) for mechanical 
cleansm" The temperature of the water s raised to "’73 Fin 
seven minutes and the steim supply is shut off The water is 
rapidl) dra ned into a flash tank e^osin® the instruments to 
smirared steam for appronmarel) one minute while the pres 
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sure IS being relieved The rcadual lieat in. the instruments is 
sufficient to flash any adherent moisture and the clean dry 
sterile instruments arc ready for immediate use upon removal 
from the sterilizer 



This sterilizer can also be used for preoperative stenliza 
non of instruments and ns use eluranates the need for care 
m the removal of oil or greases prior to stenhzauon as well 
as the need for stnet attention to mecliamcal cleansing be 
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m \ es the instruments from circulation W hat is of greater 
iniportmLC to safet\ dangerous spores maj be sprea I 
tliroughoiit the operatiOj^ room during the cleaning proccs 
or nonpressure stenUen. ma) be tontammated with s} ore 
which survwe hours of boiling 

Instruments contaminated with pus blood tissue or feces 
cm be sterilized bj unmeising them in a 10 per cent soap 
solution and autoclasin® them at ■’50 F for thirtt minutes 
This practice has the disadvantage of usm*^ equipment pri 
manlv designed for another purpose The interior of the 
autoclave is usually fouled with soap and denatured proteins 
which an. spattered on the chamber wall when the steam is 
vented The danger of scald n*' the attendant who removes 
the instruments from the stcnlaer is great 
A safe npid techmc for cleansing and sterilizing conrim 
mated instruments is to expose them to a detergent solution in 
1 sterilizer desirmcd to remove the oil and scum from the sur 
face of the w ater leaving at the most a monomolccular filn 
< f oil which can be sterilized This is conveniently done in i 
V cnical autoclav e constructed to withstand an operating pres 
sure of V pst The soiled instruments are coUected in a srain 
less steel bud et directlv from the instrument table b\ the 
scrub nurse The bucket is placed m the sterilizer over a 
baffle which forces the water to circulate through perfora 
tions m the bottom of the bucket (Fi<r 98) A steam coil lo 
cated beneath the baffle supphes adequate heat for rapid stcnl 
ization and sets up com ection currents in the w ater to cam 
the oil and grease which leave the instruments and nse to the 
surface tow ard an overflow at the rear of the sterilizer The 
continual nse in the w ater level due to the expansion of the 
iieating w ater carnes the oils and scum formed b) the blood 
and pus over a knife ed"c overflow into a reservoir whence it 
IS discharged mto the drain The addition of a detergent to 
peptonize the proteins and saponif) and pepDze the greases re 
moves all dirt and ehminates the necessity for mechanical 

cleansn"’ The temperature of the water is raised to ’’TB F m 

seven minutes and the stcim supply is shut off The v ater is 
rapidlj drained into a flash tank cxposin«» the instruments to 
sirurared steam for approximarcJy one minute while the pres 
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An insulated oven with shelves made of electncallv heated 
plates IS an ideal method for stcnlizmg sharp instruments 
because they are heated bj actual contact w ith a plate main 
tamed at 320 F (Fig 99) The heatiOp is rapid and uniform 
Mimmum exposure is one hour Temperature control is easy 
and the instruments ate clean and rcad\ for immediate use 
upon removal from the srerdizer 



If the above facilities arc not available cutting edge m 
struments can be sterilized b) bodmg for fifteen minutes in a 
solution containinjj per cent sodium carbonate Corrosion is 
"^reatly inhibited b) the carbonate and the cutting edges are 
but slightly dulled by single exposures to boiling \v ater T. he 
cumulativ e effect of boiling is marked how ever and repeated 
boiling of scissors for instance soon causes noticeable dulling 
The emergency sterilization of cutting edge instruments can 
be carried out saasfactonlj in the emergency stenlizer previ 
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tJti e tlie UMiil (fc|i(isits of pmiciii nrc rculil) removed or 
sterilized 

I his sterili/er il o clfccts economics m time and instniments 
in the oper nm^ r< nm I he fut thn j.r > vl) tontniimitc I in 
strnmentscin he mitk sifc for immcdntc n c in tend of hcinj, 
(Hit of circuhtion f ir hours nr (li)s mil es it pos ihlc to use i 
I It of instriinunts rtputcdl) An opermn^ room pnvidcl 
wjih im rmtrj,tiu) vrcnh/cr iml m «jvtn»ncnc « Jvlicr )ih 
the I led fitilnics for the t ire of tlic htill of Mirj.iLil instni 
mcnis 

BTEHILIZATtON DY DRY MEAT 
Cuiijsn i I) 1 Kmiiumims -( Iiitinj, cljc in triiiiitnts 
present prolilcms in sttnh/itn n simc nmi t licit uid in st 
cIieinicsK dull the cutting td^cs Iks tiise dectroH iK. iiti m is 
coiicintrued on tin slurjud^^i iiiii(X((ssivc torr m m i itiirs 
ripidl) Dr) licit Ins pr mu the m » t viti fiti ir) meins of 
srcrili/mon It imi t he used with circ hcciti c tenijierituns 
lint sh^litl) iho\t tin c iKccs ir> h r stcrili/iti m driw the 
rcrtiper of the currui^ ctf^e md niin the in triimcnr Of tfie 
tnnu iiKtlu I fordr) heit tcnli/iiion time merit diseii nn 
llicw//rt nil tris ut clfettnc hut shiijcr nis w i) of iisiik 
dr\ lieu 1 he iiistruiitcius ire iinpl) iinmcr c I in in ml liitfi 
It 3'’0 1 for one hour Aeiiinic ttmpinture i mtril is 
diHlcnlt 1 he pers nine! ire Id il) m in 1 time I ind ihc In t 
mil ifirclii/ud I imirs fri ni Ixit oil ire ohn )Xi ms lo nuns 
mil the ssh lie process r me s) 

Hot air 01 IIS ire ssidcl) ii el Miiu ire siti fiet r) d 
ih( ii^h me oscrhcit r line i wide temj iriuirc diircrcniid 
in \ irimis pins of the stcrili/rr llicteru! if esj nrc imi t 
he iiiscd npdi the letiiil temper mire >f the irt/eJc ti he 
srcrdi/td rulier tliin him n the tciiipermirt f the nr in the 
stcnii/cr lorcximile it t d es « nc nid nelidftilw h mrs 
for \ isilinc m t ■* ( mice j,li s omtmcnt pr t rcicli tin tern 
pentnre of the oven It n meiimicnt iij »ii the n cr i dc 
terminc the hcitini pen I of esers eli f inieic tcrili/c I 
ind to I erne the fifcnli/cr t in ore tli r iijhhcitiiu f the 
) lid hcforcummj iliccxj o tire Dctiniiinui ns inn 1 1 1 ini Ic 
f r indivilinl tcnli/cr tniele c ml iinti os Iciiiic e n !i 
ti in vir) widcls 
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An insulated oven with shelves made of elecincally heated 
plates IS an ideal method for sterilizing sharp instruments 
because they are heated by actual contact with a plate main 
tamed at 320 F (Fig 99) The heating is rapid and umform 
Minimum exposure is one hour Temperature control is easy 
and the instruments are clean and ready for immediate use 
upon removal from the sterilizer 



If the above facilities are not available cutting ed^e in 
struments can be sterilized by boiling for fifteen minutes in a 
solution containing 2 per cent sodium carbonate Corrosion is 
"reatly inhibited b\ the carbonate and the cutting edges are 
but slightly dulled by single exposures to boiling water The 
cumulative effect of boilmcr IS marked however and repeated 
boiling of scissors for instance soon causes noticeable dulling 
The emergency sterilization of cutting edge instruments can 
be carried out sansfactonly m the emergency stenhzer previ 
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o^jsl) mentioned ^vltho^t appreciable dulling due to sm le 
exposures to saturated steam at 270 F for a three minute 
period 

CHEMICAL DISINFECTION 
The most coiitrot ersial a^ect of aseptic technic has been 
the chemical destnicDon of bacterial bfe Reccntlj tests hat e 
been detised and standards established so that the etaluation 
of chemicals as germicides is practi al and significant The 
Department of Aonculrure has forbidden the use of the u ords 
sterile or terilize m conjunction tvith germicides because 
the majontj are bactenostanc rather than bactencidal in the 
concentrations applicable m surgery Most germicides are se 
leeme killmo' some organisms readily and not destroy in<y 
others Many are crrauc and kdl onl\ when used in specific 
concentration as is the case vith alcohol None arc reliable 
unless used carefully Proteins blood pus and greases pre 
t enc their action. W ich all prolonged exposure (hours and 
da\s) IS essentia! for destrucDon of dry spores In sur^erv 
chemical disinfection is therefore used only uhen heat \iould 
destroy the articles to be steriLzed 
For.m^ldehs'de —F ormaldehyde is one of the few genii 
icides suitable for the disinfection of instruments Since its 
synthesis m 1867 it has been a popular means of disinfecnnw 
manimare objecfs The demonstration that dry formaldehyde 
oas IS ineffectual has led to the abandonment of fumigation 
except in surgery where it is sail used by man\ 

Aqueous and Aco) ohc solutiom of formaldehyde are reli 
able germicides for surgical instruments pro\ided certain ell 
recognized precautions are talvcn The articles must be me 
chanicalH clean and free from grease blood pus or feces 
w hich pre\ ent contact betw een the germicide and the organ 
isms they ci ntain or cover Prolon<red exposure— ei hteen 
hours— IS necessary to destroy spores The drug irntates an! 
dries the skin and causes contact denrutitis in some indiv du 
als Smee it irritates mucous membranes and ounds all res d 
u 1 formaldehy de solution must be alio ed to e\ aporate or be 
nnsed from instruments The foDoti ing formulae mav be used 
for rhe stenlization of mstniments ampules and so forth 
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A srabilized corrosion inhibitne solution such as Bard Pari 
crs germicide justifies its cost uhcrc instruments arc stored 
m germicide 

Disinfection with fowuldebydi i,as is possible only m a 
specially designed sterilizer which permits the evacuation of 
iir (40 mg Hg) so that formaldehyde will penetrate pack 
awes or fill the lumen of tubes A relanve humidity of 80 per 
cent IS nccessar) to activate the eas Under these conditions 
8 mg of formaldehyde per cubic foot is lethal at "’0 C m 
thin) minutes Tlte method is suitable for the disinfection 
of optical instruments and electric cords 

Bulky rubber goods are disinfected by immersion in an 
'll! jline solution of formaldehyde for two hours 


r rni 1 (38'') 

S 1 m Ud 3 
D 11 d t 


1 horou"h cleansing and soaking in a solution of chlor 
maced lime containing I 1000 free chlorine is also reliable 
and woids the use of formaldehyde 
Zephiran’ —Delicate ophthalmologic instruments cysco 
scopes and the like where residual formaldehyde must be 
\ oi le I can be dis nfecttd I a <y\l in" for eighteen hours in 
the foil wing solution 

/pi do") I) 

' 5 c 


I h i^cnmcide is nonirntatin" has a low toxicity and is ef 
fectn e a ainst spores 
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MINIMIZING THE CONTAMINATION OF OPERATIVE 
WOUNDS t 

DERYL HART MD FACSJ 

The subject of limiting the contamination of operame 
wounds will be discu'aed under the following nine headings 
which consider either the routes by which such contamina 
tion occurs or means of reducing and controlling it after it 
occurs 

1 Limiting contact ontammation 

2 Lim tin*^ contamination from the skm of the patient and 

personnel 

3 Limiting coticam nation b)- waj of the ivmphatic stream 

4 Lim tin*' contammat on b) \ a\ of the blood stream 

5 Lim ting contamination bj vav of the air 

6 Limiting contam nation hen operatin" in the presence of 

contaminated m terial or for prc existing nfection 

7 Reducing wound contamination before closure 

8 Lim ting the multiplication of contam nants ithin the 

\ ound 

9 Lim tin" the contamination of the \ ound from e ternal 

s u e d r ng the poscope ati\c period 
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} L/MITIWG CONTACT CONTAMINATION 

Before the djj s of antiseptic surgery contact containina 
tion undoubtedlj pUjed the dominant role m the infecDon 
of clean operative wounds Its si*>mficance was earlj reco 
nized and it has recencd the greatest attention throughout 
the del elopmcnt of both anasepnc and aseptic technic Since 
Its importance is so ihorou'^lilj understood and methods of 
control so widel} practiced the consideration giv en to it here 
will be abbrcMated 

The subject of stenbzau n ot all supplies and instruments 
which reach the operati e field has been covered by Dr Carl 
W alter e maj thus omit from this discussion what origin 
all) constituted the major problem in the elimination of con 
tact contamination 

In order to a\ oid insofar as possible the subsequent con 
tammation of these supplies and the open wound not onlv 
should evcr\ individual in the operating room be contact 
conscious and act as a euard against the n ersights of others 
but cv crj focus for bactcnal spread should be eliminated if 
possible The use of forceps sterile c\cept for the handles for 
the utilic) nurse to handle sterile supplies is widespread and 
w hen not in use the sterile portion of these are usually 1 ept 
submerged in a disinfeccin" s lunon e ma) I e neoli<^ent in 
not insisting that the Iwi is of the utihtj nurses be as free s 
possible of hi'»hl\ pathogenic bacteria The hand maj be 
contaminated b\ blowing the nose supprcssinf^ cou<^hs nl 
sneezes touching contanunated dressings and so on 1 on 
heard the criticism thu \ ou w ash \ our hind ind \ ou think 
> ou are clean if j ou did not v sh them ^ ou v ould kno v 
that } 0 u are dirt) and would thus a oid anv pos ibilitv of 
spreadmo’ contamination b> the hands This ad ice can be 
improved b\ having c eryone keep their hand as free as 
possible of gross contamination bj washing and still I eep 
themsch es a are of their unstenle condition b\ cultures at 
suitable times 

The xmfoTim of the doctors nurses orderlies and other 
pe sonnel m the operacint' room come from the laundrv prac 
ticall) free of bi ten Tli v ho Id be fresh dailv nl i oull 
not be om after being bjected to conn mn n n tr m con 
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tact with infected cases from wear on the wards from long 
wear in the operating rooms or from talVino’ sneezing or 
coughmc' The usual rrtjsi if worn loosely may direct the bac 
teria from the nose and mouth down on tlic uniform We hat e 
found bv culture that the lon‘^er the uniform is worn the 
heavier the upper front becomes cjnnminated with the nose 
and throat flora of the wearer 

It seems hardly necessary to issue the w arnmg that cou^h 
mg and snee^ng in the operating room should not be toler 
ated and that talking should be kept to the minimum Further 
more it should be recognized that every individual with a 
respiratorv infection increases the danger of ct ntaminating the 
sterile supplies and open wound either by contact contamina 
tion or more likeh by building up the contamination in the 
nir as discussed under 5 

The personnel on the operating room floor should be limited 
to the miminal number for efficient work and visitors should 
not be allowed particularly when the\ are not contact con 
scious The 'itsitors section should have an cxtrance not on 
the operating room fl )or and for the purpose of limiting the 
air contamination as discussed under (5) should be separated 
from the operating room by a glass partition 
Operations on mfected uoimds should be performed in 
rooms set apart for this purpose and when this is not possible 
should be postponed until all clean operations for the di> 
have been completed Under any condition every effort 
should be made to limit the spread of pus and after the oper 
ation has been completed the entire room should be con 
sidered as contaminated and treated accordingly All linens 
should be stcnlized preferably in a separate sterilizing room 
used for this purpose instruments and elov es should be stenl 
izcd immedntely without being allowed to come in contact 
with an\ other equipment the equipment and floors should 
1 e w ashed w ith an antiseptic solution and all members of the 
personnel should scrub their hands and arms thoroughly be 
fore bcmnniniT another operation 
Carelessness should be reduced by miking it the respons 
ibihtv ofeverv individual to guard ai^ainst am break m tech 
me b\ anyone on the team A guard is all the more important 
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" hen a nonsurgral iisnor or J neiv mtem narse or orj * 
comes on the floor Familuritj breeils comempt jr'u 
, roc one tndn idiijl to touch mother on the bid 

touch his back againsi some part of the stenle field dnw t'“ 
inner openin'? of the sterile gow n across his chest befor 
prepared hand « passed through this opemner or to alloTr it 
sfees es of his gos\-n to touch unstenlizcd areas w hen fiiei re 
cing put on to mention onh a feu breaks that not infr* 
qucntl^ occur 


2 UIMITING CONTAMINATION FROM THE SKIN OF THE 
PATIENT AND PERSONNEL 

This IS reall) a part of ihc control of contact contiafflu 
ti<m out the problem of disinfecting the In sbn b ® 

oinercnt from the sterilizing of supplies and its limitiuons fit 

so great that it is I est c>'en separate consideration 

The number of bactena on the surface of the skin canbt 
reduced ereativ b) scrubbing with soap and niter hut ths 
reduction b\ surface cleansing cannot be earned beloi * 
certim level flow ever repeated duly scrubbings combined 
With proper care of the skm and avoidance of utineeevsin 
ctmtammation will result in a lower surface bictemlcou" 
After scrubbin" treatment of the skin with appropn 
icals w ill cause tcmporanl^ ivcrj low surface bacteriiJ coni^ 
but none of tliese agents w ill penetrate to the bacteni Icci'ta 
m the sebaceous glands and hair follicles in the dwper pins r' 
the skin Recent unpublished studies b\ Dr Dunvard 
of the Duke Surgical Staff have failed to shov an) bacteru 
m the svv eat glands \v hile on the skin surface the sw pl- 
acid tends to inhibit the bactenal growth He aI>o foundtiut 
with a nonbactcncidal alkaline a^enr in the gloves, the tie 
tenal count on the surface of the hands at the end of sn haul 
V as far greater than ihc count before scnibbm" Ho' 
these normal inhibitants of the skin are of rtlau el\ ° 
virulence and the importance of avoiding when possible an o 
alvv a) s removing or killing as manv as possible of the mo 
highl) pathogenic temporary surface contaminants cannot 
too strong!) emphasized 
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Personnel —Spread of contamination from the slan of the 
hands and arms of the personnel can be controlled by sterile 
gowns and rubber gloies so long as the former remain dry 
and the latter are not punctured Any member of the per 
sonnel suspected of being a earner of highly pathogenic bac 
teria on the slun because of recumng furuncles boils or car 
buncles and having this pro\ed by cultures should be relieved 
of operating room duties until the condition has been cor 
rected Liken ise the patient under similar conditions should 
not ha\c a clean operation of election until it can be shown 
that he does not harbor these highly pathogenic bacteria m 
his skin W hile theoretically the contamination from the 
hands of the surgeon can be controlled by the use of gloves 
the freejuency with which the modern thin gloves are punc 
tured makes a wide breach in our operative technic partic 
ularly during hot weather when the glove may contain large 
amounts of contaminated perspiration Every precaution 
should be talen to avoid perforation and if this occurs the 
glove should be changed immediately Possibly some day we 
vv ill hav e a thin glov e that is less easily punctured or w e may 
have to return to the heavier gloves ot former years 
Patients -Control of contamination from the slan of the 
patient is a more difficult problem The bacterial grow ih in 
the deeper parts of the $km is in the sebaceous glands and hair 
follicles and is greatest where these structures are most numcr 
ous Likewise the degree of surface contamination and the 
rapidity of its recurrence after preparation for operation v aries 
for different parts of the body being greater where there are 
larger numbers of these structures As an example vve have 
found the degree of skin surface contamination to be far 
greater at the end of the repair of inguinal hernias than at 
the end of thy roidectomics in women 
Since the skin incision most pass through these deeply sit 
uated glands and hair follicles and smcc the skm sutures may 
penetrate them a certain amount of wound contamination 
from this source is inevitable This can be minimized by dis 
carding the scalpel used to maLe the skin incision and by 
immediately isolating the surface and cut edge of the skm 
from the remainder of the wound and not exposing it again 
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\\ hen a nonsurgical visitor or a new intern nurse or orderl) 
comes on the floor Familiarity breeds contempt and it is 
veiy eas> for one individual to touch another on the back 
touch his back against some part of the stenic field draw the 
inner opening of the sterile gown across his chest before the 
prepared hand is passed through this opening or to allow the 
sleeves of his gown to touch unstenlired areas when the) are 
being put on to mention only a few breaks that not mfre 
quentl) occur 

2 LIMITING CONTAMINATION FROM THE SKIN OF THE 
PATIENT AND PERSONNEL 

This is rcallv a part of the control of contact contamma 
tion but the problem of disinfecting the living skin is so 
different from the stenbzing of supplies and its limitations are 
so great that it is best given separate consideration 

The number of bacteria on the surface of the skm can be 
reduced greatly bv scrubbimr with soap and water but this 
reduction bv surface clcansin<» cannot be earned below a 
certain level However repeated daily scrubbings combined 
with proper care of the skin and avoidance of unnecessary 
contaminatiofi will result m a lower surface bicrenal count 
After scrubbinc' treatment of the skin w nh appropriate chem 
icals will cause cernporard) a very low surface bacterial count 
but none of these agents will penetrate to the bactena located 
in the sebaceous glands and hair follicles in the deeper parts of 
the skin Recent unpublished studies by Dr Durward Lovell 
of the Duke Surgical Staff have failed to sho an) bactena 
m the sweat glands while on the skin surface the sweat being 
acid tends to inhibif the bactenal grov th He also found that 
with a nonbactencidal alkaline agent in the gloves the bac 
renal count on the surface of the hands at the end of an hour 
was far greater than the count before scrubbing' Ho vc er 
these nonnal inhabitants of the skm arc of relativel) low 
V irulence and the importance of a oiding w hen possible and of 
alwa)S removin*^ or killing as many as possible of the more 
highly pathogenic temporary surface contaminants cannot be 
too strongly emphasized 
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non m the percentage of superficial mild infections was 
obtained 

3 LIMITING CONTAMINATION BY WAY OF THE LYMPHATIC 
STREAM 

No operation of election should be performed in the zone 
of lymphatic dninme from an open wound or from a focus 
of infection For operations of necessity if time and condi 
tions permit any contamination of the lymph drainage and 
any infection m the distal wound should be reduced and kept 
to the minimum by appropriate treatment such as free dram 
a"e hot compresses and improted circulation before under 
taking the major operation Tlic least possible compression 
massage b\ handling or other trauma should be made about 
any area of infection and along the course of lymphatic dram 
age Needless to say there should be minimal handling of or 
damage to the imolved lymphatics and the associated lymph 
nodes 

During the operation care should be tal en to avoid unneces 
sary trauma in the wound itself and to leave the tissues in 
the best condition for healing and overcoming the bacteria 
present An example of this is an amputation performed for an 
infected gangrenous extremity If the incision can be made 
throu«Th the region of the I nee joint with an adequate blood 
suppiv and careful hemostasis dividing the muscles with mm 
imal trauma in their tendinous portion and closing without 
tension the chances of obtaining primary union are better 
than when the incision goes through the large muscles m the 
thigh \v ith greater trauma to the soft parts 

4 LIMITING CONTAMINATION BYWAY OF THE BLOOD STREAM 
WTiilc contamination by this route of sufficient sev enty to 
cause suppuration is rare it undoubtedly does occur and there 
are certain precaunows which should be taken 
Since the operativ e w ound is an area of decreased resistance 
It IS a fav ored site for the localization of any organisms w hich 
may gam entrance to the blood stream It is therefore unvnse 
to perform larnc clean operations at the same time as another 
operation w hich might open the blood stream to contamma 
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until the tune of sbn closure Theoreucallj and probabU 
actually the contamuiaQon from the skin incision could be 
reduced b> using a cuttmg clectnc current but the increased 
damage to tissues outweighs the ad\anta(»e in any reduction 
that may be obtained The tissue so killed must be removed 
before healing can take place and m the meantime it forms a 
harbor in which the organisms already present m the skin 
may multiplj niore or less protected from the natural body 
defenses In actual experience with such an incision on the 
back in a case of severe acne tth a pustular eruption our 
results were not sansfacrorj and healing, was delayed 
As soon as the operaaon reaches the stage of sbn closure 
the nroteenn" drapes should he discarded the penpiration 
should be remov ed the skin should be treated again with the 
chemical a^ent used for the on<nnal clean up and fresh sterile 
drapes should be applied up to the skin ed^^e before pro 
ceeding with the closure Follovnn<» these precautions the m 
struments and supplies w hich must touch the sbn will be less 
likely to carry infection into the superficial part of the wound 
w hich remains to be closed 

Some da^ we ma} have a stenJe mipenneable co emg 
hich will adhere to the skin which v ill inhibit the growth 
of surface or<ranisms without acting as an irritant to the sbn 
and through w hich the incision mav be made Weba e c\ 
pcrimentcd with such skin co ennos but have found none 
w luch w c consider to be saosfactor) ^\'hcn a thoracoplastv 
w ound is to be reopened for a subsequent operation w e hav e 
combined an adherent skin covenng v ith gauze and have 
rcapproximated the skin by sutunnw the gauze thus avo dinf' 
sbn sutures The latter act as foreivm bod cs about hich the 
skm oiganisms mav grow in clusters These usually do not 
progress to gross suppurauon but occasionally a stitch abscess 
may form The rcsultm*^ increased number of organisms offers 
a greater threat to the second operauon than w as present at 
the first W e have at times used a subcuticular suture of s her 
wire m order to av oid this source of addmonal contamination 
in ounds that are to be reopened and hav e felt that a reduc 
A port suh s md by D M h IDBlcy be 

I ih Am n CoUcg f S ig ns Bofl '' mbe 1941 
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small particles including bacteria will undoubtedly become 
more trustworthy and some effective means of sterilizing the 
air m the ducts as by ultraviolet radiation may come into use 
Any of these measures however will require constant atten 
tion and then the human error of neglect will come into play 
{b) Reducing tl e Nitmber of Bacteria Enierivg the Air 
in tl e Room to a Minnmmt c have found it impossible to 
prc\ ent some contamination of the air after it enters the occu 
picd operating room The degree of contamination is influ 
enced by manj conditions including the frequency of re 
placement with clean air as given under (a) Rccontamination 
IS slight or absent in the unoccupied room which has little 
equipment clean painted or tile walls floors that arc 1 ept 
mopped with an antiseptic and with the minimum of dust 
ev cn if the air is agitated b) normal air currents or bj means 
of electne fans blowing apamsc the floor However during 
an operation including the period of preparation comamma 
tion rises rapidl) depending on the number of occupants the 
degree of their nose and throat and possiblj their skin and 
linen comaminaiion the amount of talking coughing snecz 
mg and hard breathing the effectiveness of the masl s worn 
over the nose and mouth the amount of activitj the pres 
cnee of drafts from other occupied areas the efficiency of the 
vcntilatinfT s)stcm and so on Activit) should be 1 ept to the 
mminium linens including uniforms should be fresMj laun 
dered and therefore as free as possible of dust and bacteria 
and street shoes should not be worn Infected cases should 
not be brought into the room used for clean operations 
though It is doubted if the bactena from these would get into 
the air unless thc\ had alrcad) dried nnd were m small pir 
tides similar t< dust md this should not occur m the well 
conducted tpcrating room 

It must be kept in min 1 ihit the type of contvinnant in the 
iir is of f It more impomnte tlian the total number of organ 
isms present A few In lib virulent hemoljtic streptococci 
or hcmolvtic )cllow staph) lococci maj cause a relanvcly 
htf^c number of infected wounds while many white staph) I 
ococci gram negative bacilli and fungi mi) cause no evident 
dima^e Tins clcarl) indicates the hazard of admitting car 
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tion An example ould be the repair of a henuj at the same 
time as a hemorrhoidectomy tonsillectomy or extracoon of a 
tooth Funhermore no patient who has an open wound or 
who has recently had an infection of any type parocularh 
if with an associated chill should have any operation of elec 
lion since under such conditions pathogenic orgamsms may 
ha\ e gamed entrance to the blood scream If under such con 
ditions an operation is impcnme ctery care should be taken 
to secure complete hemostasis and to leas e the w ound m the 
best condition for the body defenses to overcome the bac 
rena which may enter This however should be the goal in 
every operation 

S LIMITING CONTAMINATION BY WAV OF THE AIR 

(j) Supplying tie Room ^nh Large Qiimtities of Clejn 
/lir— Just as a swimming pool is kept relatively clean by run 
nmg large quantities of w iter through it or b\ circulatm<y the 
water throUj,h a filter which removes the bacteria so the 
contamination of the air in the operatin'* room may be re 
duced by an efficient ventilating system Forced ventilation 
with rapid replacement of the air is far more effective in 
remov mg the concaminanrs than the older methods of \ enniar 
mg by means of open windows 

\\ e hai c found the outside air in a suburban area to be 
practically free of pathogenic bactcni and there are probably 
relatively few of these present even m the lan'cr centers of 
population In our cxpencnce the nonpathogenic fungi and 
inctena present m the outside air have been remov ed to a large 
extent by a well functionm*' washing and filtering unit in the 
nr conditioning tppirjtus The patho<*enjc bactena given off 
by the occupants of the operating room w ould undoubtedly 
[ c remo ed from recirculated air quite as effectively bur ar 
present it seems to be unwise to recirculate the air since the 
air conditioning equipment particularly if neglected may fail 
to remov e the bactena 

Cultures taken in a large number of hospitals show ed that 
the air contamination in the air-conditioned operatin'* room 
w as far less than in the non air condinoned room \\ ith im 
provemencs in air conditioning equipment the removal of 
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For graphs giMng more complete data as to the different 
intemitv distnbunons and the bactericidal effect of each the 
reader is referred to the original publication 
The most satisfactory mtenatj distnbution that we have 
used ga\ e a higher intensirv m the upper part of the room 
ind a relatively low intensitv on the wound and on the heads 
of the personnel ith this the number of colonies surviving 
on a pctri disii of sterile blood agar after one hour of exposure 
at any point m the operating mom at a level of 3 feet above the 
floor did not exceed an avenge of one to four colonics the 
number at any pome varying inversely as the radiation in 
tensity In addition to the reduction m the actual number of 
colonies surviving there was also evidence that the bacteria in 
the colonies which survived were attenuated 

Alter the \anous precautions desciibcd above with the ex. 
ception of air disinfection had been put into use we till had 
a considerable number of wound infections hitherto unex 
plained U ith the virtual control of the contamination m the 
air as a source ot these infections not only were deaths from 
unexplained infections eliminated but such infections of less 
seventy were reduced to an almost negligible number The 
rare infections that occurred were in general mild Further 
more patients hivmo- wounds which did not go to gross 
suppuntion presented i stnl m<» reduction m both the local 
and systemic reaction 

6 LIMITING CONTAMINATION WHEN OPERATING IN THE 
PRESENCE OF CONTAMINATED MATERIAL OR 
FOR PREEXISTING INFECTION 

This may be accomplished by one or more ot the follow 
ing means 

(a) \\herever possible freshly incised tissues and exposed 
viscera should be isolated from the operative fleld and the 
free spices and cleav a^e planes should be pad ed off before 
any contaminated matenal is expo cd 

This IS p irticularlv important m the drainage of abscesses 
and resectifn of the intestines Use of suction to remove the 
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ncrs of these highl) pathogenic bactena to the operatin 
rooms 

The pnncipal source of air contamination in the occupied 
room seems to be from the air passages of the occupants The 
expulsion of bacteria is greail) increased b) tall ing cou<^h 
mg and sneezing and these should be reduced to the minimum 
The generallj accepted gm e mask is of great \ alue for stop 
ping the larger droplets from passm<T directly throu<Tli but 
the finer spra\ may pass and even when the> contain an 
impermeable membrane much of it maj be di erred around 
the cd"es The masks should be of slv to eit»ht thicknesses of 
a closclj woven butter gauze and may or may not contain an 
additional filter or impenneablc membrane Further improve 
ment m masks may some day result m a major reduction in this 
source of air pollution 

(c) Killing tl e Bacteria That Enter the Air or Segment 
on tl e Sterile Field -The air mav be disinfected vv ith aerosols 
orwiihuhravtolet raitation U e have had no experience vith 
the use of the former but reports give enthusiastic comments 
as to their effectiveness 

Ultra nolet radiation (approxmiately 90 per cefit at 
angstroms) is quite effective m killmf» the bacteria and funm 
either as they float m the air or if thev land m an exposed 
position after thev sediment on the sterile field or an a sterile 
pern dish of blood agvr The inteiitity diitritiifioin vhich le 
have used in general come within the f !Io\ in^ limits 
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appendiceal abscess through an evtniDcntoneal approach the 
subdiaphragmatic abscess bj the cxtrapentoneal extrapleural 
route and the opening of a palmar or thenar space abscess 
with precautions to avoid damage to the tendon sheaths 

(c) If there is a possibility of the contamination being 
sufficient to cause suppuranon the wound m ) be packed 
gently with an antiseptic to limit further bacterial growth 
stimulate the walling off process and provide free'dramage 
Subsequent treatment consists of delayed closure® chemical 
sterilization and secondary closure or healing by second 
intention 

(d) \\'hen it is necessary to approach a focus of infection 
across a serous cavity which has not been obliterated and at 
times when we arc ucaling with an infection at the depths of 
a large wound made across loosely attached cleavage planes 
the operation should be performed in stages Time should be 
allowed for the serous cavity to be obliterated by adhesions 
the cleavage planes to be sealed off by the inflammatory reac 
tion to a pack and the wound surface to become protected 
by granulation tissue and the body defense reaction 

(e) After contamination has been received it may be re 
duced as described under (7) which follows 

7 REDUCING WOUND CONTAMINATION BEFORE CLOSURE 
Contamination in a wound may be reduced before closure 
by irrigation and washing with a nomrritating solution alone 
or in the case of traumatized wounds in combination with a 
thorouf^h debridement This will be discussed more fully in 
another section 

8 LIMITING THE MULTIPLICATION OF CONTAMINANTS 
WITHIN THE WOUND 

Limiting the contamination of the wound cannot be dis 
cussed w ithout giv in<» consideration to limiting the grow th of 
these contaminants after they enter the-w ound The patient s 
general defense mechanism must be maintained at its highest 
efficiency The w ound itself must be left in the best condmon 
for the bodv defenses to overcome the invaders so the fol 
lowing conditions should prevail 
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contaminated matena] at the appropriate tune dunn<^ the 
operation ma) limit soiling of both the isolating packs and the 
tissues In a limited number of conditions contimiotis asptra 
tion of the infected material from the bottom of a ca\ it) ma\ 
present the secretions from o\erflo\sm«» into the free spaces 
or seeping through the operame wound This is illustrated b\ 
the drainage of a fairl) n«nd walled abscess of the lesser per 
itoneal casitj following pancreaaus which had been ap 
preached through the antenor abdominal wall The secretions 
were allowed to dram b\ gras it) to the dependent part of the 
cas It) As Soon as the quantit) of secretions s as sufficient to 
corer the holes of a dramage tube attached to moderate bur 
continuous suction the secretions were dra sm off so at no 
time were the) allowed to oserflow the casit) 

The sccrcDons can be kept thm and remos cd more effec 
Us eU b\ an wtemipted or continuous ^^asl tn^ out process if 
stenlc ph)siolo<nc sale solution is added to the casit) b\ an 
appropriate mechanism However if this treatment is used 
care must be taken to avoid obstruction of the dramatfe tube 
and flooding of the cai tty before adequate isolating adhesions 
have formed 

In the case of certain infections m the pleural cavit) vhich 
necessitate collapsing operations as follow ing a pneumonce 
tom) the pus can be drained without leaka«fe about the tube 
the cav in irnt^ated and suenon applied throu h a tube in 
sened w ith an air u<Tbt fit through a minimal intercostal 
wound in the anterior chest v ill The tube vith holes near 
Its Dp should evtend to the dependent part of the cann Sub 
sequentiv the collapsing operations w uh their enormous ex 
posurc of nssue inevitable trauma and poor hemostasis and 
residual dead space can be performed in sra<»es m an aseptic 
field through an incision on the posterior and lateral chest 
wall Pnman healing with on!\ slij,ht tcmperanire reacDon 
usually follows A case treated m tl^ v as is illustrated m a 
recent article in the Amcncaa Journal or Surwer) 

(l>) \\Tiene er possible dunng operations that are poten 
tiall) infected free spaces serous cav itics, and clcav age planes 
should not be opened and the exposure of freshlv incised 
□ssucs should be 1 rated Examples are the draina<re of an 
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(f, ) The dressings must not be allow ed to become saturated 
with serum blood perspiration or pus since the orgamsms 
gamine access to the surface of the dressmgs maj grow 
through them to contaminate the wound 

(d) Tension must be avoided since this c luses trauma about 
the sutures interferes with the blood svsppK particularly be 
tw een the sutures and the inasion and predisposes to necrosis 
and bacterial growth 

(e) Maceration of the t^oimd must be avoided by keeping 
It dry w ashing the si m w ith alcohol and avoiding pressure 
Otherwise the growth of the si m organisms about the sutures 
rnay form stitch abscesses or extend into the wound to cause 
more serious infection Limiting the growth of orgamsms 
along the si in sutures is of particular importance in those 
wounds which hav e to be reopened since they mav be spread 
through the tissues at the second operation and cause a wound 
infection Fotmnatelv such mfecnons arc usually mild and 
superficial 

IV lilt results cm be a coinpUshed by the vieticiilous and 
rigorous application of abote described principles and pre 
cauttom^ Mtuv of them have been m general use throughout 
the surgical careers of most of us so we have little personal 
experience b\ which to )udt,e We can however make a 
general compansoo of the operame procedures and results 
reponed betore the introduction of antiseptic surgery by 
Lister the subsequent adaptation of the principles of asepsis 
and the later emphasis on relatively atraumatic and meticulous 
sutgerv as practiced and taught by Halsted and others with 
the results obtained bv the use of these methods today to 
see what tremendous advances have been made and how well 
the problem of wound infection has been brought under 
control 

T\cn with the improvements every surgeon still has occa 
sional unexplained infections in large clean wounds par 
ncuUrls those where trauma is inevitable hemostasis made 
quate immobilization impossible and with dead space that 
cannot be obliterated These should be a stimulus to tU of us 
to do w hat w e can to eliminate insofar as possible any remain 
ing sources of contamination Many surgeons feel that there 
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(<i) The incision should be mide so as to give the best 
exposure u ith he minimal trauma 

{b) The blood supp'^ should be intact and adequate 

(c) Hemostasis hould be complete 

(d) Health) tissues should be m apposition with obhtcra 
tion of dead spaces 

(e) The wound should be immobilized Thisi parucularl) 
important in so far as an) movement between apposed sur 
faces is concerned 

(f) Tension should be axoidcd 

(g) Foreign material should be minimal 

(/ ) Drams and packs should be av oided w lienev cr possible 

(i) Sutures and ligatures m addition to bcin" fine should 
be nonimtating 

(j) Tissues should not be stranmilatcd b) sutures or li-’a 
rures or undulv traumatized bj retraction or other parts of 
the operative procedure 

(1) Bacterial growth m the wound mav be inhibted b\ 
one of the sulfonamides applied localh giv cn bv mouth or 
injected parenteralU It should be re nembered hov ev cr 
that the potential gam fa) their use must outweigh an) imra 
tion or other damage that ma) be produced 

9 LIMITING THE CONTAMINATION OF THE WOUND FROM 
EXTERNAL SOURCES DURING THE POST 
OPERATIVE PERIOD 

Contamination following operation mav be limited b) the 
following precautions 

(a) ZJriiwr mf pieir should be avoided V henev cr poss ble 
and if thev cannot be avoided the skin about them should be 
kept scrupulouslv dean Thev should be covered and sur 
rounded with adequate dr) sreiilc dressings v\hich should be 
changed as often as neccssan to keep them from becoinin'' 
snnirated with secretions All forci*m material possible should 
be removed from the wound at the earliest moment com 
patible \ ith the undcrl) ing pathology 

( b) Draining beiuatovtv ^ould be a\ oided but m case thev 
do occur the surrounding skin must be kept scrupulouslv 
clean and the dressin<»s must be changed at frequent intervals 
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(c) The dressings must not be allowed to become saturated 
with serum blood perspirition or pus since the orgamsms 
gammer access to the surface of the dressings may grow 
through them to contaminate the wound 

(d) TcHSion must be avoided since this causes trauma about 
the sutures interferes with the blood supply particularly be 
tw ten the sutures and the incision and predisposes to necrosis 
and bacterial growth 

(e) Macerjtion of the noimd must be avoided b) keeping 
it dr) washing the skm with alcohol and avoiding pressure 
Otherwise the growth of the skin organisms about the sutures 
maj form stitch abscesses or extend into the vv ound to cause 
more serious infection Limiting the growth of organisms 
alonn- the skin sutures is of particular importance in those 
wounds which have to be reopened since thev mav bespread 
throu<»h the tissues at the second opention and cause a w ound 
infection Tortunatel) such infections arc usually mild and 
superficial 

11 hat results cm he accomphshed ly the lueticulotis ind 
rigorous application of ihove described principles and pre 
cauttam^ Mativ of them have been in general use throughout 
the surgical careers of most of us so we have little personal 
experience b\ which to jud^e We can however make a 
general ermpanson of the operative procedures and results 
reponed before the mtroduenon of antiseptic surgery by 
Lister the subsev)uent adaptation of the pnnciplcs of asepsis 
and tile later emphasis on relatively atraumatic and meticulous 
surgery as practiced and taught by Halsted and others with 
the results obtained by the use of these methods today to 
see w hat tremendous adv ances hav e been made and how w ell 
the problem of wound infection has been brought under 
control 

Even with the improvements evety surgeon still has occa 
sional iinevpiained infections in large clean wounds par 
ticuhrlv those where trauma IS inevitable hemostasis made 
t|uate immobilization impossible and w ith dead space that 
cannot be obliterated These should be a stimulus to all of us 
to do w hat w e can to eliminate insofar as possible any remain 
mg sources of contamination Many surgeons feel that there 



will alwaj's be an irreducible nummum of infections which 
cannot be explained and that this stage has been reached 
Others ascnbe these infections to skm comwnrtams and such 
organisms cenainlj maj plaj an important role in wound 
infections This is particularly true m the experience of any 
sui^eon w ho happens to be a heaiy skin earner of the more 
pathogenic stapri) lococci and who as is so commonl) the 
case has frequent punctures of the modem thin gloie Still 
others have asenbed certain of these infections to the presence 
of a nose and throat comer (usually of a hemolyoc strep 
tococcus) among the personnel In such cases however they 
have as a rule not traced the route by which the ofFcndin 
or^fusms reached the wound 

Much expcnmental vv ork has been done on masks but m our 
opimon an adequate and satisfactory form of masking has not 
as yet been perfected Such an advance may go far toward 
eliminating the contamination of the air when we consider 
to be the greatest threat to the large clean v ounds in modern 
w ell run operating rooms In recent y ears there has been much 
interest m the atr as a medium for the transporranon of patho 
gemc bactena and great contributions to this field have been 
made pamcularlv by M ells and his co vyorkers 

Attempts at Reduction of Air Contjiuinwon -In 193 and 
1933 yyhen he became convinced that the air was the source 
of greatest danger m our opcratm<r rooms w e had consider 
able difficulty m obtainm"' the necessary approv al of certa n 
changes to be made vvifb the object of rcducintr the air con 
tamination since it was stated that it has been knov m since 
the days of Lister that the air in the operating’ room can be 
i<mored 

Alany measures such as chan»»es m scrubbm<^ more 
thorough skin preparation of the patient longer sterilization of 
supplies under greater pressure and isolation of rooms for 
operations on infected cases had already been put into effect 
but with no appreciable impro ement In the meantime e 
had shov m that such or<^an sms as the hemolytic Staphj lococ 
cus aureus could be obtained v th t^rcatcr freq e cy nd in 
Jailer numbers from the air than from anv otlier area in the 
operative field When these m re pathogenic organisms v ere 
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4>resent in the air in latter numbers there w as corresponding 
increase m the number of unexplamed wound infections 
caused b\ the same organism as recovered from the air Over 
90 per cent of the organisms obtained from the air in the 
operating rooms were staphylococci and 91 per cent of all 
infected wounds had a staphylococcus (predominant!) aureus 
hemolytic and nonhemolytic) as the etiologic agent 
During the years 1933-35 attempts were made to improve 
the condition of the air by more efficient and continuous 
masking by improved ventilation with clean outside am by 
limiting air currents from other parts of the hospital by Jiinit 
mg the number of occupants and the duration of occupancy 
by the elimination of 1 nown nose and throat earners of the 
Staphylococcus aureus (hemolytic and nonhemolytic) (which 
proved to be not fe sible because of the large percentage of 
earners and the transient nature of the condition for many 
individuals) and by increased cleanliness of the floors and 
walls However the air contamination was found to depend 
on the number of carriers and the number of these in turn de 
pended on general conditions m the population which VKZt 
beyond our control It w as found that most of the deaths from 
unexplained infections occurred dunng the cooler months 
when the air contamination was heaviest (Table 1) so large 
clean operative procedures of eJeerjon such as extrapleural 
thoracoplasties w ere postponed until the summer months w ith 
some improvement m results but with serious curtailment of 
the service because of lack of utilization of available beds 
throutrhout the entire y ear 

Control of Air Contavnmtwn by Ultra tolct Radiation — 
Preliminary experiments m killing bacteria at distances up to 
8 feet bv means of ultraviolet radiation and negotiations with 
electrical equipment manufacturers for cooperation in equip 
pino- a room with this radiation as an expenmenral project 
were conducted during 1934 and 1935 These resulted m the 
clinical application of such air dismfecuon to operating room 
technic begmmnf' on January 15 1936 The ultraviolet radia 
tion (approvimatelv 90 per cent at 2537 angstroms) was used 
pnmarilv to kill or attenuate the bacteria while they were 
floating m the air but also to kill withm one to five minutes 
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any which uii ht iediment onto an exposed area anvxxhere in 
the sterile field 

Improi emcnts m results were exidcnt immediatel) for each 
group of operations and on each surgical specialty sery ice as 
soon as air disinfection xxas adopted as part of the aseptic 
technic The results in regard to gross infccDon obtained o er 
a period of fi\e and one half j ears without radiation and fixe 
y ears wnch radiation are guen m Tables 1 ro 4 
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Tabic 1 IS based on an maljsis of all pn rupcratiye deaths 
since the hospital opened and shows all those occurring as the 
result of an unexplained infection Particular attention is called 
to the fact that none of these followed operanons w here radu 
tion X' as used that none folio cd operanons performed dur 
ing the months of Max June July and August hen the air 
contamination is in <^cneral low thu the majority follo\ ed 
operations performed dorm" the months of No\ ember De 
cember January and February y hen the air contamination 
IS more likely to be high while a decreasing percentage fol 
loyy ed operations performed dunnf' the transition months of 
October and March and Seprember and April 

Tabic ’ IS based on an analysis of all openti ns of certain 
types performed during this 10 jeirpenod x h le Tables 3 
and 4 are based on smaller senes of consecuti e op rations 
Funher derailed anal> s s of these smaller s les of cases e 
\calcd that the maximum redact on in b th the elexat on of 
temperature and the duration of tfus eley anon b ou he about 
by d infection of the air occurred dunn<T the \intcr months 
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when the air contamination was high and the least reduction 
occurred during the summer months w hen there w as a low 
air contamination 
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^Micn air disinfection was used the highest and longest 
postopcritiv c temperature reactions occurred during the sum 
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mcr months hen contaminated perspiration may ha\ e p!aj ed 
a part in w ound contamination in contrast to the results when 
air disinfection was not used when these temperature reac 
tions were greater dunng the winter 

From these results it can be seen that bj adequate control 
of the contamination reaching the wound and sterile supplies 
bj waj of the air we ha\c been able to eliminate the deaths 
from unexplained infections greatlj reduce the percentage 
of such infections and also reduce the local and svstemic re 
actions in those patients whose wounds did not go on to gross 
suppuration 

Another gam of the greatest importance to the staff but one 
w Inch cannot be put dow n m tabic form has been the restora 
tion of their confidence m the cffcctncncss of aseptic technic 
and the assurance that large clean operations of election can 
be performed at an\ time of the jear without undue risk of 
mfetnon 
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ACCIDENTAL WOUND INFECTIONS 

ALFRED B LONQACRE MDf 

The tremendous loss resultmw from accidental injuries is 
almost mconceu able to the human mmd Major catastrophes 
such as \\ar between nations tornadoes earthquakes con 
flagrations and floods with their concentration of injury 
merely suggest what this Joss might be Modem civilization 
with Its increased tempo of living has unfortunately added to 
the number and seventy of human accidents to the point 
where they must be considered part of the e'tpense or our 
progress Realization of this fact makes obligatory the taking 
of measures to minimize the frequency of complications result 
mg from these accidents One of the most serious and costly 
complications which adds either to the total loss of life or to 
the numbers of totally disabled is infection superimposed upon 
these wounds If such infections could be eliminated or sig 
nificantly reduced in numbers b\ either prophylactic or ac 
tne treatment not only would the extent of human suffering 
be alleviated but the savmt's m money time and man power 
would also be incalculable 

WOUND HEALING 

The ultimate achievement in the treatment of accidental 
wounds IS a healed wound without complications and with 
restoration of normal anatomy and phvsiology In many in 
stances the pathologic processes resulting from the trauma 
as well as from numerous secondary sources precludes rhe 
possibility of attaining this result How ev er e ery phy sician 
and surgeon handling such cases should constantly keep in 
mind this objective and endeavor to approach as closely as 
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possible this goal m anj specific case In order to accomplish 
this those treating such cases should be familiar Anth the 
fundamental principles of wound healing as well as with the 
factors which predispose to infection Neglect to adhere to 
these concepts may senouslj jeopardize not onlj the healm" 
of the w ound and restoration of function of a w ounded part 
but maj also result m sepsis w hich tni"ht ei en endanger the 
patient s life 

It has often been stated that the three discovenes hetiios 
tjsis avettheua and asepsis are resjwnsible for suiger) as it 
IS practiced todaA Reid m discussing wound heahn^r states 

Behc\ mg that it is erroneous to giv c students and > oun" doc 
tors the idea that the problem of wound healmg js essentially 
s\ non) mous w ith the principles of asepsis and antisepsis w e 
have dehberarelj fostered the idea that modem sur cr\ owes 
Its A CfA life to anesthesia il e control of hemorrhage and to a 
better knowledge of wouii 1 healing Jt has been apparent 
during the hi$tor\ of medi il research that invesns'ators in 
focusin" their attention upon the immediate problem often 
lose perspective and consequcmlv fail to intecrate properly 
their obsen ations w ich alread) existing kno ledge Reid and 
StcAenson ln\c aptly expressed this m relation to wound 
healing as follows To utilize effecmcl) all knowledt^e of 
fresh AAounds and their healmg is difficult because oyer 
emphasis of one fact in thcrap) so rcadil) lead to the sacrifice 
of other important factors The relatiA c importance of the 
scAcral pnnciples to be observed in the treatment of wounds 
should not be compared for neglect of an) one mmht de 
crease the possibilities of attaining the best results One of the 
most serious complications of a hcalint^ w oun 1 is that of in 
fection which in itself is capable of nullifymtr the surgeon s 
efforts 

Rigid adherence to the principles of ascpsi n the treatment 
of accidental ounds s not sufficient in itself to insure heal n<’ 
Avithout complications ound comj lications m the bsence 
of sep is und ubrcdly Iclay ound healin'' and niiy ev e i 
result in a part al or total loss of finction but the) do not 
carry ith them the constant thre t of m rc seriou comphea 
tions both local and metastatic y hich septic ounds p ssess 
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BACTERIOLOGY OF ACCIDENTAL WOUNDS 

For an accidental wound to become complicated bv mfec 
cion two conditions must be present (1) pathogenic bacteria 
must gain access into the wound ('’) the conditions of the 
wound must be such that these bacteria find n favorable en 
vironment for their f^rowth and the production of their toxins 
In the treatment of an accidental wound efforts should be di 
rected toward the elimination of either one or both of these 
conditions 

A All W d C tarn t d? 

Innumerable reports "* that infection occurs m from at least 
3 to 5 per cent of clean surgical w ounds is evidence that ev en 
under rigid aseptic technie it is still impossible to prevent 
pathogenic bacteria from entering these wounds Ives and 
Hirschfcld m a stud) of bacterial flora of clean wounds 
found that bacteria were present m the wound in 86 per cent 
of the cases immediatelv after incision of the si in and present 
in 100 per cent of the cases just before closure of the si m at 
completion of the operation The findings in an earlier investi 
Ration by Hunt were similar The sources of these bacteni 
are familiar and precautions designed to minimize their sig 
nihcance constitute i pirt >f the iccepied routine of rigid 
iseptic technic 

Scvcnl investigator have repotted wounls bacttriologic 
studies of Inch failed to demonstrate the presence of bacteni 
Veraart and DrentU repon that 41 per cent of the 
wound investigated l)\ them were sterile hile Dimt/i an 1 
Gutscher report tint they failed ti grow I actern from aj 
proximatelv 1 7 per cent of 4H wtund cultured Miles an I 
associates cultured ounds infected in comlnt and during 
air raids Thev failed to grow organisms from s me of the 
woundswhich cre first cultured as long as tw cl edavsafter 
the injurv and were unable to demonstrate the presence if 
bacteria in 8 7 per cent of forty six w ounds all of w hich w ere 
cultured between the first and third dav after injurv In an 
other senes of fiftv four wounds which vere first cultured 
hen een four and n\ el e In s after the injury 1 1 1 per cent 
i ere I icteru free 
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Contrarj to these reports which seem to indicate that there 
might be manj accidental woands which do not become 
contaminated are numerous other studies defimtelj suggesting 
that all accidental wounds arc contaminated Sas studied 
bactcnal flora of fiftt fi\e acc/dentaJ wounds and concluded 
that such wounds arc alwajs contaminated and are potentiallj 
more serious than clean operative wounds m that thej are fre 
qucmlj contaminated with organisms of the gas gangrene 
group Pulaski and associates made a detailed analysis of the 
bacterial flora in "’00 accidental wounds and found bacterial 
contaminauon present m all of them Consideration of the 
multiple sources from which contamination of accidental 
wounds can occur would appear to make contamination of 
ev ery w ound logical The failure to obtain growth m some 
w ounds probably could be accounted for by the inadequacy 
of technical detail either in taking the specimen or in the 
method of culcunng them 

The sources of bactena which contaminate accidental 
wounds are manifold any exhaustive bst of which would still 
be incomplete The particular speacs of bactena vhichmi lit 
be recovered from accidental wounds will vary accordinc to 
their source It has been fairly well established that staphylo 
cocci and streptococci arc the most frequent contaminants of 
w ounds and consequently arc the m st co union ctiolo ic 
organisms of a resultjn<^ infection This is compatible w ith the 
observations of iMclcney and Stevens Devenish and Aides 
hes and Hirschfeld Gillespie and associates and Price 
ho hav e sh< w n that these < rgan sms pamcularly the staph 
y lococcus c institute part of the re»^ular flora of the skin an 1 
that they are il o harbored m respiratory passit^e in 0 to K) 
per cent of apparenth nnrmil md id i 1 

Ae b c P th ge 

\erobic pathogens otlicr than those of the streptococcal 
and staphylococcal groups have been recovered both f o i 
contaminated accidental v ounds and from infected accidental 
wounds both n pure culm e and as a mixed flora Ho e er 
the frequency w th hich e se these other pathogen o 
gamsms is considerably lover and certain sp cies ha e been 
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recovered rarely The significance of noopathogemc or sapro 
phytic organisms contaminating a wound m conjunction with 
a known pathogen is not clear It is conceivable that in this 
symbiosis the pathogenicity of the pathogens may be either 
augmented or decreased Consequently even though these 
saprophytes have little or no significance their presence 
should not be totally disregarded 

A b c P ge s 

Organi57m of Gas Gangrene —TUe high incidence of gas 
gangrene m the wounded during the early years of World 
War 1 emphasized the importance of anaerobic bacteria as 
etiolo'^ic agents in the infection of wounds The morbidiiv 
and mortality resulting from infection caused by the anaerobes 
of the Clostridium group as compared to that resulting from 
the more common aerobes are sufficiently greater to mal c 
significant their relatively low incidence The full realization 
of this fact resulted m toncemrated studies of w ounds and 
the conditions which favor the development of these partic 
ular types of infection Application of the knowledge gained 
by the investigation was followed by areduction m incidence 
of gas gangrene occurring in the BEF from 1’ per cent in 
1914 to 1 per cent in 1918 

That these organisms contaminate wounds more frequently 
thin reports on the incidence of gas gangrene would lead one 
to bclieye is attested to by studies of Zeissler and Nellcr 
Sas Lcyaditi and associates Pulaski and many others 
Pulaski observ cd that the frequency with w hich he w as able 
to recover clostndii from accidental wounds varied directly 
as the time between the incepoon of the wound and its culcur 
ing This figure would at first appear to disagree with the 
observations of Miles and asociates * on soldiers and air riid 
casualties m England in that they found the frequency with 
which these organisms were recovered decreased as the m 
teryal increased More careful scrutiny shows that further 
work needs to be done for Miles period of nme was calcu 
lated m days vhde Pulaski calculated the intcryal in minutes 
ehpsinf' the longest penod being only one hoar While m 
nn<Tland recently I w as fortunate enoufrh to be able to discuss 



380 


ALFR£o B LONCACRE 


Contrarj to these reports which seem to indicate that there 
might be manj accidental wounds which do not become 
contaminated are numerous other studies definirelj su <Testin 
that all accidental wounds arc contaminated Sas studied 
bictenal flora of fifty fi\c accidental wounds and concluded 
that such w ounds are alw aj s contaminated and are potentiallj 
more serious than clean operame wounds m that they are fre 
quemlj contaminated with organisms of the gas gangrene 
group PulasLi and associates made 3 detailed anal) sis of the 
bacterial flora in '’00 acadental wounds and found bacterial 
contamination present in all of them Consideration of the 
multiple sources from which contamination of accidenul 
w ounds can occur w ould appear to make contamination of 
ever) wound logical The failure to obtain growth m some 
wounds probabl) could be accounted for b) the inadequacj 
of technical detail either in taking the specimen or m the 
method of cuUunng them 

The sources of bacteria which contaminate accidental 
wounds arc manifold any e\hausmc bst of which would still 
be incomplete The parucular species of bacteria \ hichnn ht 
be rectyered from accidental wounds will vat) accordmt' to 
ihcir source It has been fairl) well established that staphylo 
cocci and streptococci arc the most frequent contaminants of 
wounds and consequently arc the most common ctiologic 
oiganisms of a resoltin" infection This is compatible iichthe 
obsenatjons of Melency and Stesens Dcvcnish and Mile 
Ives and Ilirschfcld Gillespie and associates and Price 
y ho hay e show n that these organisms particular!) the staph 
) lococcus constitute parr of the regular flora of the skin an 1 
that thej are il o harl ored in respirator) pa n ’0 r ?(l 
per cent of apparently n rmal mdi id nl 

A r b P th ge 

Aerobic pathogens other than those of the streptococcal 
and staphylococcal groups hate been rcco cr d both fro 1 
contaminated accid ntal ^ ounds and from infect d acc dental 
y ounds botli in pure culture and os 3 mi'cetf flora H w r 
the frcnuenc) with wh ch we sc these other pathogen c or 
ganisms is considerabl) lo er and certain pecie ha e been 
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recovered rarely The significance of nonpathogcnic or sapro 
phytic organisms comaminanng a wound m conjunction with 
a know n pathogen is not clear Tt js conceiv able that in this 
symbiosis the pathogenicity of the pathogens may be cither 
augmented or decreased Consequently even though these 
saprophytes have little or no significance their presence 
should not be totally disregarded 

A b P iVi gens 

Organisyiis of Gas Gtnigretie —The high incidence of gas 
gangrene in the wounded during the early years of World 
War 1 emphasized the importance of anaerobic bacteria as 
etiologic agents in live infection of wounds The morbidity 
and mortality resulting from infection caused bv the anaerobes 
of the clostndium group as compared to that resulting from 
the more common aerobes arc sufficiently greater to make 
si<mificant their relatively low incidence The full realization 
of this fact resulted m concentrated studies of wounds and 
the conditions which favor the development of these panic 
ular types of infection Application of the knowledge gained 
b\ the im cstigation was follow cd by a reduction m incidence 
of gas gangrene occurring m the n E F from 1 2 per cent in 
1914 to 1 per cent in 1918 

That tlicsc organisms contaminate wounds more frequently 
than reports on the incidence of cas gangrene w ould lead one 
to believ e is attested to by studies of Zcissler and Ncller 
Sas Levadin and assoaates Pulaski and many others 
Pulasl 1 observ ed that the frequency with w hich he vv is able 
to recover clostridia from accidental wounds varied directly 
as the time betw cen the inception of the vv ound and its cultur 
mg This figure would at first appear to disagree with the 
observations of Miles and associates* on soldiers and air raid 
casualties in Ent'Iand in that tlicv found the frequenev w ith 
which these organisms were recovered decreased as the in 
tcnal increased More careful scrutmv show’s that further 
work needs to be done for Miles period of time was calcu 
lated in di\s while PuUsU calculated the mtcrval in minutes 
clapsm<- the longest period bein»» onlv one hour M hile m 
England rcccntlv I w as fortunate enough to be able ro discuss 
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this problem Avith Miles He stated that he could account for 
the decrease in the frequcnc> with which he recoiered CIos 
tridium A elchii from wounds on the theor) that in those 
cases w hi h had not developed gas gamrrene wnthin the first 
forty -eight to scsent> nto hours the patient de\ eloped a 
resistance to this infection and that the persistence of the 
organism in cases of long standing indicated a mere sapro 
photic existence It has been show n that cv en thou'^h Clostnd 
lum w cichii can I e recot cred in from 8a to J 00 per cent of 
the cases of gas gingrenc there are other grim posim e spore 
forming anaerobes of this same genus cipablc of causing this 
disease 

The actual incidence of gas gangrene is Cf nsiderabU lo cr 
than one \ ould be led to bcJiet c b> the frequenev « ith w Inch 
these organisms are found m accidental wound Cramp 
m 191'’ found onU nmc cases of gas gangrene m a senes of 
580'» craunatic m|uncs admitted to BeIIc\nic Hosptal Bur 
nett studied the number of hospital admissions m tw o t ideh 
separated but comparabi) similar rural communities md found 
the incidence of gas gangrene to be 0 1 per cent and 0 ’J per 
cent in these hospitals Stone and Holsm^cr re\ lew ed 69 3 4 
cases at the Unuersirv of \irgima Hospital and found onK 
s«ty SCI en cases of gjs gangrene an incidence of 0 09 per 
cent From these fit^urcs it x ould appear to be re sonablc that 
the incidence of gas gan'^rcnc in emban life probibH \ar es 
bens ecn 0 I and 0 J per cent 

Clostridiiwi 7 ewii — TTie reported low mcuiencc of tetanus 
compares cfircctU a ith the frequency with hich its enolo'^ 
icil agent has been recc \ ered from accidental w ounds a i 
wnght in an anahsis of oxera million industrial accidents 
found the incidence to be 0 0008 per cent Sir D x id Bruce 
found the incidence to be 0117 per cent n o er million 
w ounded Brit sh soldiers W ecd found the incidence to be 
onlv 0 2 per thousand in a total of 1 7«5 1 3 b tele w ounded 
in the American F “ped nonarx Force of o Id ar I This 
filjure showed considerable impro ement in the companson 
with the figure ob>erxcd in the BCF of I 7 per thousand 
Th (isru 1 / x\ d « 
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w ounded at the beginning of the war Figures on the incidence 
m civilian population are somewhat misleading and do not 
indicate the incidence of tetanus occurring as the result of 
accidental n ounds These reports usually include all cases of 
tetanus some of which have resulted from such conditions as 
smallpox vaccination hjpodermic injections lung abscesses 
and even clean surgiLil cases However Nicoll found that in 
a period of nineteen years 1683 cases of tetanus deaths in New 
\ ork Citj had occurred and also that the death rate had con 
sistentlj fallen from 1 49 per cent pec 100 000 population to 
0 04 per 100 000 in 19'*5 Reports on the bacterial flora of 
accidental w ounds show that the Clostridium tetani has been 
recovered vet) rarely which would seem to prove us rela 
me infrequency m such wounds However m many inci 
dences because of in idequate bacteriologic methods the iden 
tification of these organisms had they been present w ould hav c 
been impossible In one of the most detailed studies of the 
flora of bacteria in wounds Pulaski failed lo find this organ 
ism m any of the 00 wounds studied 
Organisms oj the Mouth -The bacterial flon in wounds 
contamuvued v uh organisms of the mouth will undoubtedly 
be mixed and contain both aerobes and maerobes as w ell as 
those associated with the fusiform and spirochetal group Case 
record of the uilignancy of infections resulting from human 
bites arc testimom of the imminent dangers of w ounds con 
taminated w ith these organisms Whether or not an> species 
or strain of micrc organism and vv hether or not it is the sy m 
biotic iction of the v anous species present w hich is responsible 
for the virulence of tlvese infections has not been determined 
Realization of the significance of the anaerobes m infection of 
these wounds appeirs to be increasing 
,4H7ero/ic Streptococci padiogemcitv of anaerobic 
strept wocci in ound infections has as a result of mv estiga 
tions b\ Mclenev rcccntlv gamed added significance A 
fairlv careful rev lew of the literature failed to rev eal any re 
j ort indicating that these onjanisms are of etiolomc si”nif 
icance in the dev elopment of acute w ound infection This does 
not mean tint anaerobic streptococci are not the responsible 
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agents of such infections PalasLi * recovered anaerobic strep 
tococci in tvventj two incidences thus establishing the fact 
that these organisms do contaminate accidental wounds 

More recent studies of anaerobic bactena suggest that certain 
species of gram negative anaerobes mi^^ht have an etiolo<Tic 
significance m the development of wound infection Howe er 
as these organisms have been recovered very rare!) from m 
fected w ounds further discussion other than to emphasize the 
etiologi possibilities will be omitted 

DIFFERENCES BETWEEN CONTAMINATED AND 
INFECTED WOUNDS 

The sav ants of v ound healing hav e attempted to diiferen 
uate between the contaminated and the infected accidental 
wounds on the basis of the tmte inter al elapsing between the 
inception of the vound and its presentation for adequate 
thcrapv Tins time interval varies somewhat with the location 
and nature of the w oimd as w ell as with v anarion in the types 
of bactena which were introduced at the infliction of the 
wound The discrcpanc) of opimon of the vanous inveso 
gators a*, to the leigih of this ume interval is evndcnce that 
multiple factors must be considered in its establishment Fr is 
impossible to determine bv an> set measure of time the mo- 
ment at V hich a contaminated wound becomes transformed 
into an infected one Opinion vanes from two to twenrt four 
hours depending upon the critena of the individual mvesti 
gator The maiontv of the investigators etpress their opinion 
thafinareJatnel) clean Jacerarion or wound this rrjnsfonna 
non will not occur before a lapse of slx to eight hours 

Factors definicel) shortenmg this nme interv al must mclude 
the location of the injurv vhich at times will interfere with 
an adequate debrilcment especially if vital structures must 
be sacrificed the c tent of obv ous gross contamination the 
extent of the injury and whether or not the contamination 
contains orgamsms which at the time of their introduction 
either had come from human sources or had been adapted t 
the environment of human tissues In addition to these there 
are several other factors such as the treatment / ch the 
wound receives pnor to beng created by the surgeon rhe 
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general condition of the patient and the existence of systemic 
disease such as diabetes and tubennilosis all of which predis 
pose tow ard infection It is therefore impossible by any meas 
ure of tune to differentiate between contaminated and in 
fected wounds in any individual case Each should be judged 
by Its own merits However as a general rule it might be said 
that the likelihood of this transformation having already oc 
curred increases tremendously after a four hour period and 
that every case of more than eight hours duration between 
inception and treatment should be considered infected and 
treated accordmglv 

PRINCIPLES OF FIRST AID 

It is the period between the time of the injury and that at 
which adequate treatment can be instituted when additional 
contamination and trauma may increase the likelihood of the 
complication of infection Instiuaions m first aid manuals 
are for the most part concerned with the prevention of this 
added trauma and contamination In brief there are three 
mam points which should be emphasized and these are (1) 
the control of dangerous or profuse hemorrhage (2) the sim 
pie covering of the wound or wounds with a sterile dressing 
and (3) rigid immobibzation of any injured part Careful 
adherence to these three ptmciplcs will for most wounds re 
duce the possibility’' of further contamination either gross or 
microscopic and will definitely dimirash the risk of adding 
trauma to that already inflicted Probably one of the greatest 
sources of danger in the treatment of these injuries lies m the 
attempt to do too much under inadequate conditions in first 
aid and dressing stations ith the exception of the most 
trivial wound it is suggested that if it is at all possible actual 
treatment be delayed until it can be earned out in an ade 
quitely equipped operating room under rimd aseptic technic 

PRINCIPLES OF TREATMENT 
Peid and Carter ^tason * Eoch and manv others 
hav e repeatedlv emphasized and stressed the important points 
to be observed in the treatment of accidental wound^ Ad 
herence to their pnncipics w lU undoubtedly create an env iron 
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ment which is most favorable to the healing of the wound 
without complications These points include (I) n^id ad 
herence to aseptic technic O) control of heniorrha% (3) 
cxtensiv e debndement (4) av oidance t f introduction of an> 
thing which will be harmful to living cells (5) maintenance 
of adequate blood suppH to the tissues (6) ^ conception of 
the significant differences existing between a contaminated 
and infected wound (7) the importance of granulation tissue 
in the healinw of a wound and (8) a realization of the fact 
that the actual healing of the wound is a biological proces 
dependent upon the probferation and activ it\ of In in‘» celK 
The technic necessarj to cover all these pnnciples has been 
verj clearlv and adequatelv presented and all surgeons who 
are rreatin" such wounds should be familiar with them 

CARREL OAKIN AND RELATEP METHODS 

The high incidence of infection dutm" the earh ycjrs of 
Uorld 'War r samulatcd the investmtion of the responsible 
factors and the development of more adequate method for 
their prevention and treatment Oit of this w ir emer'red the 
Carrel Dakin treatment which was responsible for a tre 
mendous relief from suffering and a marked rcducuon in 
exisnng morbiditv and mortalitv Its enrl> successes were at 
tended with unbounded enthusiasm which in the succeedm 
j cars has been somew hat dimmed bv its failure to accomplish 
the manifold duties demanded of it The three major disap 
pointments of the Carre! Dakin treatment resulted ( I ) in the 
demonstration that its penetraung pow cis \ ere msufFcicnt to 
exert a bactericidal effect on bacteni other than those on the 
surface of the w ound ( ) its instabil tv hich made neces 
sary the use of fresh prej orations and (5) its transient action 
w hich required frequent re application m or ler to make its 
poss ble benefic al effects suipass the possible harm At pres 
ent Dakins solution is snll quttc v ideh iscti a i cbcmici] 
debndmg a‘^ent 

Durnff the third decade of the t tntieth cc iturv nn 

merable antiseptics! ere introduced D finite bacten idil nf 

bactenostatic prof en es ere claimed for all of the c both b\ 
in vitro and lo v n o expenments \ anous clai i s of being non 



ACCIDEKTM. WOUND INFECTIONS 


387 


irntating to living cells were made foe each of die antiseptics 
The enthusiasm of the protagonists of these various antiseptics 
has been generally unwartanced m that the vast majority of 
them hav e been prov ed incapable of sterilizing the w ounds and 
possess definitely irritating propemes which have been shown 
to interfere with normal wound healing Consequently the 
present trend in the treatment of accidental wounds has once 
more returned to the physiological methods which depend to 
a large extent upon the meclunical remov al of foreign ma 
tcnal bacteria and dead and devitalized tissue Isotonic salt 
solutions and debridement when used both m sufficient quan 
titles and in the hands of a well trained surgeon have proved 
adequate to accomplish this end in a large precentage of cases 

TOIUET OF THE WOUND 

The importance of a careful toilet of the wound as 
described by Keid Mason Koch Melenev and oth 
ers cannot be overstressed It undoubtedlv constitutes the 
surgeons front line of attack and the patients first line of 
defense in the prevention of infection of an accidental wound 
The details of the technic of an adequate and thorough de 
bndemem Inv e been stressed 1 y others and should need no 
further comment 

Regarding the critcru is ti whether ir n t the wound 
hoiild be cl sed or left open and whether or not structures 
uclv as severed tendons or nerves should be repaired inime 
diatclv or w ut f r i sccondarv procedure there seems to be 
omc distgrceiuent All arc agre^ that no w< und which has 
clunked from a c inraimnated n an infecte i iiimd she uid 
be closed Meleney feels that this ma\ occur with 
certain organisms v ithm two to three hours after the incep 
tion ff the \ ound while others including Koch Reid 
and Mason feel that the chancre m bacterial flora which 
mal es a contaminated wound an infected wound probablv is 
not sufficientiv advanced to interfere with the suture of ten 
dons or nen cs until four hours after the injun and that prob 
abh It IS safe after careful debridement to close the w ound up 
to i\ hours Ihinncll on the other hand feels that in a clean 
liccniii n which hi not \ cen nnipcred w ith tend >ns can be 
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mcnt ^\hlch ib most favorable to the hcalincr of the wound 
without complications These points include ( 1 ) ri id ad 
hercnce to aseptic technic C*) control of hen)orrhj<^e (3) 
extensive debridement (4) avoidince of introduction of an) 
tluntr which will he harmful to livin<^ cel! (5) immtcmncc 
of adequate blood supph to the tissues (6) i concej tion of 
the simiificant differences e\i«ing between a contaminated 
md infected wound (7) the importance of t,nnul3tion tissue 
m the hcalin" of a wound anl (S) a reilizitim of the fict 
that the acrxiil healing of the wound is a I lolomcal proccs 
dependent upon the proliferation and activ in ot Imn" cell 
The technic ncccssu^ to cover all these principles his been 
verj clearlv andadcjuuciv pre enred an 1 all sup eon who 
arc trcatin" such vvounl shovild be fimilnr with fheni 

CARREL OAKIN AND RELATED METHODE 

The high incidence of infectnn durin" the carlv vcirs of 
\^orId ^\•tr I stimulated the imestiMtion of the rcsponsibl 
f-tcrors and the dcielopmcnc of more i lc]iiire method for 
their prevention and trcitmcnt Out of tin w ir c ncriscd the 
Carrel Dakin rrcamient which wis responsible for ^ tre 
mendous relief from suffering and a m irked reduction in 
evjsnng mofbidin and morrahn Jts ejrh successes were at 
tended with unbounded enthmn m whicli in the succccdin" 
)cars has been somewhat dimme 1 1 \ its fulurc to accomplish 
the manifold duties demanded of it The tlircc mj) r 1 ap- 
pointments of the Carrel D ikin trv imient re ultcd { 1 ) in the 
dcmnnstntion that its j cnctraiin" ( iw en \ ere in uriicicnt t 
exert a bactericidal effect tn bactcrii other thin tho c on the 
surface of the wound ( ) its instabihtv which made neces 
sar\ the use of fresh preparations md (3) its transient action 
vv hich required frequent re applic mon in or ler to mile its 
possible beneficial effects surpass the possil le lumi \t pres 
enr Dikin i, solunon is sail quite v idclv i c I a i licmic I 
Icbriding arrent 

Dunn" the tf ird dcca le of the t tcncictli in n tinti 
menl le antiseptics v ere introduce 1 H hnitcl itten i lil in 1 
bactcnosratic properties V ere cli nedf rail t these I th I v 
in V itro and in v iv o experiments \ in us clam s of be n n j 
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ment of these dru^s either proph>laccicall> or therapeuucally 
u ill remain somew hat empirical until bactenologic studies of a 
specific w ound re\ ea! the presence of a particular species of 
bacteria against which these drugs have betn proved to be ef 
fectne or until future im csnwauons show that sulfanilamide 
or one of its derivatives is effective against all bacteria which 
might contaminate a wound 

The present military conflict as well as the preceding Civil 
War in Spun presents surgeons with a wealth of rnatenal 
upon which to tt) these compounds The proof that sul 
fanilanude and its accepted compounds exert a definite pro 
ph\ lactic and therapeutic effect against streptococcus plus the 
ev idcnce that sulfathiazole and sulfadiazine possess some bac 
renostatic if not bactericidal properties against the staph) 1 
ococcus seemed justification for their extensive use m the 
treatment of war wounds Unfortunatelv the sen, sire of the 
organization re ^uired to insure the maximum m treatment to 
the greatest number is such as to prohibit adequate observ a 
non of the cases bv an> one competent observer This results 
in the loss of much valuable information which if it could 
be salvaged would give a firmer basis for knowledge than the 
results which arc repeated!) appearing m the literature It 
would seem therefore that any evaluation of the benefits de 
riv ed tr these drugs based on the results must aw ait further 
and more detailed studies to confirm or disprove the impres 
«ms If wc vise these reported figures as an index of the m 
cidencc of infection when compared to similar reports ob 
tamed from the wounds inflicted duang the last pare of the 
W orld ar I they show a marked miprov ement This w ould 
cem to indicate tint \ hether or not sulfmilamidc or ( ne of 
its denvatwes is the re pinsible factor the methods in han 
dling these wtunl are siipenor to those used in the fir t 
W orld W ar 

Lxpcnmemal and clinical evidence that these dni<rs are ef 
fcctiv c against streptococcal inftcnons is abundant and some 
of the ne set vlcnvawcs are being found to exert some bic 
rcni title nr Incccn cilil icti< n x^ain t the staphv lococcus 
More recent mvcsti ni ns both m America and m England 
in bente tint direct i iiihntinoncif the crvstils f siilfinilimidc 



4LrRU) B tONCACSE 


sutured safcfj as late a$ cuelve to tuent} four houn jf’u 
the jfijur) 

Trom an analysis of the lanous discussions as'ntll jsjaJ 

mg from siinic of the resute jn my oum cases itssoulds"*™ 

that AfcJcnc) ' is perhaps ultraconscnanic and ditV 
niust Jcaie many \10und5 open which could hise beensafty 
t/osed thus aioidingaprolon^ed convalescence Ontheothei 
hand ic would he ver^ poor advice to recommend t% it a 
safe to treat this factor of potential infemon as Bunntl! 
parent!} does In his hands it mav be perfectly safe co suiBit 
tendons is Ijfc as he sa}s bur } do not believe that hisrttdB 
could be duplicated b} man} other surgeons Probihl} tit 
middle course of siv to emht hours should constitute tbe y.pp« 
hniit oftlijsed tjme between the injury andinsntuaonofs'f 
^uitc tJicrap) within vv hich a w ound tns} be safely closed. 


CHeMOTHERAPV OF WOUNOS 
The S If am de 

More reccntlv the suigical profession has been prtserted 
with two new tv pe> of chcmotlvcrapeutic agents for both ^ 
w Juch enthusiastic tbinis are now jppeann? in the literarurt 
he benefits to be derived from the judicious use of sulfanil 
amiJi. or one of its accepted denvaoves have been reponed 
wicftincre^ingfrctjuenc} Colcbrook^in J 936 inaprcsenta 
tion of the thcnpeutic possibilities 0/ these compounds, 
limited fus discussion to his actual experiences v irh prontylo 
m combat ng puerperal streptococcal infccnons His greatest 
at IS time w as that as this dnt" gave so much promise 
enthuwastsv oufdnoconi} report madeguateiv controlled and 
)% nod Jaboraton in esiigations but 

r claims for tiie e dni^s without suf 

fi/rrh ‘ ^ ' p thoui»h the results of 

furrher evpenmenrs hayc p„ , 

ictton hjsnoeo i/j scrq as cd rhe eariv indicationsbuthasbeen 
extended m aim ra W«s/«f,ion rn jnchde many species 

ffaactern eonsidenW} mote cotir oiled mve ngar lei ork 
nn* to be done w ««ll d, a,c pot t on rj, ds to tht 
effect, ene. ot tbj cct,oo „„„„ 

As tile rton of sec *mal „„„d ^ , be leg on the eioploj 
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merit of these drugs either prophylacQcally or therapeuucallj 
vs ill remain somevv hat cmpjncA until bactcnologic studies of a 
specific wound reveal the presence of a particular species of 
bacteria against which these drugs have been proved to be ef 
fective or until future mvesngations show that sulfanilamide 
or one of its derivatives is effective against all bacteria which 
might contaminate a wound 

The present military conflict as well as the preceding Civil 
War in Spam presents surgeons with a wealth of material 
upon which to trv these compounds The proof that sul 
famlamide and its accepted compounds exert a definite pro 
phy lactic and therapeutic effect against streptococcus plus the 
evidence that sulfathiazolc and sulfadiazine possess some bac 
tenostatic if not bactericidal properties against the staphyl 
ococcus seemed justification for their extensive use m the 
treatment of war wounds Unfominatcly the very size of the 
organization required to insure the maximum in treatment to 
the greatest number is such as to prohibit adequate observa 
tion of the cases bv any one competent observer This results 
in the loss of much valuable information which if it could 
he salvaged would give a firmer basis for know ledge than the 
results which arc repeatedly appearing m the literature It 
w ould seem therefore that any ev aluation of the benefits de 
rived fnm these drugs based on the results must await further 
and more detailed studies to confirm or disprove the impres 
vions If we use these reponed figures as an index of the in 
cidencc of infection when compared to similar reports ob 
tamed from the wound inflicted dunng the last part of the 
W orld W ar 1 they ho v a marked nnpr< \ ement This w ould 
seem to indicate that v hether or not sulfanilamide ( r ne of 
Its dcnvativcs js the resj onsiblc factor the nieth id in hin 
vlhti" these wound are supennr to those used in tlic first 
W orld W ar 

Lxpcnmcntal and clinical ev idence that these drags are ef 
(cctivc against streptococcal infections is abundant and some 
of the newer derivatives are bein" found to exert some bac 
teno title ( r bactcnocidil icti n i^^amst the staphy loc< ecu 
\l ire recent itivc ti an ns both iti \mcrica and m Lns’land 
indicate that direct implantation of the cry stals of sulfanilamide 
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or one of its den\ames into a ^vound might be of benefit in 
reducing the complications Tendlcr Kej and associates 
Campbell and Smith and Jensen and associates' report a 
loner incidence of infection m their series of traumatic 
w ounds They refer to a senes of cases treated in the pre 
sulfanilamide era as controls \ hich form the basis upon nhich 
they judge these results It would have been more conclusive 
if this comparison could have been made betv cen a group 
of controls treated at the same tune 

The local implantation of sulfamil imide m debnded w ounds 
is being cxtensiv ely used in the treatment of accidental w ounds 
m war torn Lngland However here again except for fc 
isolated inv esriganons much of the peninent data v ill never 
be recorded and once again the results will be reported merelv 
as impressions and should be considered so As sulfamlamide 
IS very slowly absorbed from the surfaces of the wounds the 
rationale for this form of therapy depends on the fact that in 
spire of the large amounts implanted the blood concentrations 
will be very low thus muumizing the possibilities of untoward 
reactions while maintaining a hi^ locaJ concentration This 
local concentration has been observed to be as high as 600 to 
1000 mg percent w hile the blood concentration has remained 
w cll within limits v hich should not increase the likelihood of 
sy sccuuc reactions Key and associates also demonstrated 1 v 
results of their studies on an mals that this high concentration 
w as not detrimental to w ound healing This latter obscrv ation 
needs further cxperinicnraJ inieso^ation for it has been re 
peatcdly observ ed that the w ounds into w hich these drugs ha c 
been introduced are for the first fortv ci ht to seventy two 
hours afterwards considerablv more moist than those wluch 
ha c not been so treated 

Since the introduction of the sulfonnmid s enthus sts ha e 
made anous claims fc r their art on ac'ainst d fferent species 
jf bicrem Alany of th c lums hi c I een ju tified hil 
there arc j cn t cr o 1 ul ts } artici 1 rly the I f 
their ffccmci ss n t i 1 « t. o gamstns of the cl trd 
^roui He I Itpicrp ts of the use of oti cr drui. 
m the treatment of jjar gantrcf e hen collected nd analvzc I 
shov that in ih collected senes not onlv are th d t insuJh 
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cicnt to establish the diagnosis in man\ of the cases reported 
but that als) the results are no better tlian m previously re 
ported series which did nor have the benefits of these drugs 
II uever as to their prophylactic properties in the treatment 
of accidental w funds coniamiiuttd wath organisms of this 
[,roup there is increasing evidence that sulfathiazole and sul 
fadiazme possess a very definite bacteriostatic property and 
thus prevent the development of an incipient infection 
Follow mg the suggestion of suigical group at fulane Cox 
and others are at present studying the effect on the mci 
dence of infection of local implantation of sulfanilamide cry s 
tals into a wound as a part of first vJ therapy Expenmentallv 
It has been shown that the shorter the time interval between 
the contamination of the wound and the introduction of sul 
famlamide into the wound the greater protection this drug 
affords The first aid treatment m no manner should substitute 
fortherapy however indications arc that if this drag is intro 
duced immediately into a w ound its bacterial inhibiting action 
may permit a slight increase m the time interval between the 
ct ntamination and infection of the w ound 

Z Pe d 

Since the meroduenon of zinc peroxide as an effective 
dressing in combating the micro acrophihc and anaerobic 
stceptococci this dressing has been applied w ith benefit in the 
treitment of wounds infected with other anaerobes iMeleney 
has reported on its dsc in the treatment of neck abscesses 
infected w ith the mouth flora in the treatment of badly con 
tammated accidental wounds and m the treatment of gas 
gangrene In v lew of the high incidence of contamination of 
accidental wounds with various pathogeme strains of anae 
nbic bacteria the use of amc peroxide has a very definite 
j lace in the treatment of those wounds which for various 
reasons have to be left open As zme peroxide is not absorbed 
and may as a result exert a foreign bodv acnon if not remov ed 
ir should not be used in a wound w hich is to be closed or m 
tho e w hich because of sinus tracts or other condmons, might 
nuke Its removal by gentle imwation impossvble 
Tlic dramatic results vv hich have followed the inv estigations 
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of the sulfonamide compounds ha\e o\ershadn\ed the de 
\ clopmcnt of zinc peroxide As the limitations of the ran c of 
effects eness of the former drugs is being more sharpl\ 
defined espccnllj m the treatment of cerrim anaerobic infec 
fions further sfiidres of other fonns of fherap\ in these infcc 
tions cither as m independent t> pe of treatment or in con 
junction ith the sulfa compounds arc indicated On the basis 
of present c\ idencc the combmation of zinc peroxide locall) 
and sulfa compounds s\sremicali\ or brth combined lo 
cilh would appeirmost cffcctuc 

CLOSED PLASTER TREATMENT OF WOUNDS 

Probabh one of the major contnbtitions to the treatment of 
iccidental n ounds resulting from the recent n ars has been 
a wider application of the principle of the closed plaster 
method of treatment of these w oimds The reports of Trueta 
and others indicate that this mcthi d of treatment has prob 
alilv been an important factor in lessening the incidence of 
senous infection and thus decreeing the morbidm and mor 
talitv of w ounds obtained m both the Spanish Ci\ il ar an 1 
the present \^o^ld ^\a^ However in a comersmon which 
I had w ith 1 nieta he stre sed tlie import ince i f an i lequ itc 
debridement and preparation of the injured are\ prior to the 
applicatu n of the plaster I le also pointed out that to obtain 
maximum benefit from this method of treatment the inimobi! 
i/in«^ plaster cast must be ipplied in such a manner as to obtain 
complete immobilization of the injured part It i also im 
{ orrant that changes of plistcr be ver) infrequenr Truera 
dies not consider a risin" temperature s nllen rcc^ona! 
ghnd uncomfortable cast due to swell nw and moderate pain 
as indications for chaR<»c of plaster He dcfirutclj feels that 
even in the presence of the e siijns rcmo\ il of plaster onlv 
mahes the prognosis worse 

The led me in brief in the apphcttion of this pi stcr f I 
lows After a careful debridement the \ound is left open 
and loosely pad cd ith a st nle asci ne ga ze A circular 
plaster is then immed atciv applied d rccch o er tli si in and 
vound this plaster is left in place for vin us intervals of 
time fro tvo to six weeks or c cn loncer disretrird g 
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man) of the usual previous indicatJons for changing the dress 
mg Recently powdered sulfanilamide or one of its deriva 
mes has been introduced into the wound following debride 
menc and prior to the application of plaster The change of the 
plaster is carried out with the usual observance of aseptic 
techmc and with precautions to minimize monon of the 
wound at this time 

This rnethod of treatment and its advantages are not new 
The importance of rest in the healing of the w ound has long 
been known the fact that wmiobtli xtion decreases pain and 
thus tends to mmimize the dangers of secondar, shod as well 
as defimtel) to increase the sense of well being of the patient 
IS not new That frequent dmnngr of a wound not only in 
crease the nsl of secondar\ infection with each dressing but 
also IS accompanied b) a certain amount of trauma w hich ma) 
retard the healing of the wound has been previousl) demon 
strated The problem of cross infection « hich has 6een asso 
ciated with dressing wounds on hospital wards has once more 
been shown to be of real significance McKissock and asso 
cutes have found the incidence of errss infection to be very 
high in the w ounds. resulting from this w ai The ad\ ocitcs of 
this closed plaster method of treatment of these wounds feel 
that 1 C not only incorporates all the principles of rest and rc 
licf of pain l)ut also minimizes the daneers attending fre 
quent dressings of the wounds 

As with other forms of therap) comraindicattons to the 
use of closed plaster method of wound arc to be considered 
(I) It would seem midvisablc to apply a closed plaster to an 
incipient or established celluhtis C*) Closed plaster in the 
face of active gas tjangrenc is defimtel\ c intraindicated (3) 
For any wound which for any reason cannot be properlv dc 
brided the closed plaster treatment would probably definitely 
increase the nsl of infection (4) The improper application of 
plaster for am conditu n is to be discouratred (3) If rhe 
plaster cannot be applied so as to secure complete immobihza 
tion of the soft tis ues n will not acconiplisli us purpose 
The pi ysioloi’ic prwcipl s undcriy in^T this methf d of treat 
ment arc not completely understood Barnes and Trueti 
have cvpcnmentallv Icmonstrned on do^^s thit the simple 



39 + 


ALFRED B LOvr^CBE 


applicauon of a plaster to an extremity decreases the rate of 
flow of 1) mpli Thej feel that diis fact probablj explains the 
mlrequcncy of sjstcmic reaction even m the presence of sup 
purauon This contention is mcompanblc xnth the exisnnft 
conception that edema fluid which predisposes to infecnon is 
drained by tlie IvmphaticSv It w ould seem that if this w ere so 
an) mechanism tending to decrease the rate of !)Tnph flo \ 
dnming an injured edematous area would not onlv increase 
the edema but should also increase the frcquenc) of infection 
The reports of the wounds treated in this manner show that 
the incidence of infection is considerably lower Conse 
quenth other factors atiendmg this method of treatment 
probabU are responsible for the benefits attained 

Even though it is impossible at present to evaluate com 
pletel) the closed plaster method of treatment of accidental 
wounds It should be considered only as an adjunct m the 
treatment of wounds Along with the other points of treat 
ment w hicfi fuv e been mentioned plaster is onl) a step of 
the process in creating an environment favonn" the healinij 
of a w ound wnthout complicauons Further use of this method 
under controlled condioons should establish ns true position 
At present tlic clinical reports indicate that since its apphea 
non to the treatment of wounds the incidence of comphea 
non morbidity and mortaht) has been markedly decreased 

PROPHYLAXIS 

The problem of accidental wound infection should be one 
< f prophvlaxis and not the treatment of an infecnon Un 
foirunatcl) infecnon k already present at the nme v hen 
man) of these wounds are first seen b) the surgeon In this 
grouj there is no recouise other than the treatment of the 
CMsnng condition Fortunatel) the majonty of the wound 
ire arrienable to pTopk^} 1 CtJC treatinent It has been sho vn 
that the introduction of b ctena pathogenic and nonpath 
of^emc is inevitable Consequent!) theprevennonofinfccnoi 
IS almost the entire respons bihtv of the phv sician or surgeo i 
mendinfr the case This resp nsibilin consists of pplicanon 
of the cMStin" knowledge of wound heilm«^ and of measures 
to minimize tlie risk of mfeca n As the caologic agents of 
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infection ire alrcidj present treatment shoukl he directed 
to« ard creating an cn\ ironmcnr unfas orable for its des elop 
ment \\ ith this ohjcctne in mind and careful adherence to 
the technic necesMr\ for its execution the consequences of 
wound infection wiU decrease as does its incidence 
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INFECTIONS OF SKIN AND SUBCUTANEOUS TISSUE 


HAROl-D D HARVEY MO 

Tiir orgimsms \vhich cause infections of the skin and sub 
cutaneous tissues maj enter from outside the bodj as by a 
needle prick from the skin glands from structures beneath 
the deep fascia orbywaj of the blood stream and I) mphatics 
It is usuall) easy to decide m any lesion which was the prob 
able route of entrance and if is important to do so in order 
to avoid oversight of a possible deep infection from which pus 
lias escaped through a narrow channel in the deep fascia to 
mushroom out m the subcutaneous fat or form a pus blister 
m the skin 

^\ hilc It is possible for almost any pathogemc organisms to 
be found in superficial infections especially m w ounds that 
inv olv e hollow v isccm, most infections ansing beneath grossly 
imin|ured skm arc ciustd by some form of staphv lococcus or 
streptococcus and to these most of this paper is dev oted 


INFECTIONS caused BY STAPHYLOCOCCI 


SusccpTinii iTv — Fmi’/wc/cj and cnbitnclcs rank perhaps 
\ ith the common cold as afflictions renow ned for their fre 
|ucnc> and for the lack of progress made by the medical 
1 rofcssit n in prev cntion and treatment Certain facts about 
Intil stiphvlococcal infections arc known to the laity almost 
IS v\ ell as to phv sicians Some people arc susceptible to them 
all their lives while others are praclicallv immune They arc 
!{ t to appear in adolescence as for instance in relation to acnc 
and hemato'Tcnous ostcomv clitis In the case, of funincles 
pen)! of susccptibilifv mav be intenpersed among periods of 
1} j ircnt imnuinitv \inong diabetics thc\ mav be more fre 
pienr or perhaps merch more severe and therefore more 
noticeable than amon<T nondiabetics 1 hev mav be produced 
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l)> nil lim" scaph\ lococa into the skin or bj sbght trauma 
such IS pulling our a hair or bj the presence of ingrow n hairs 
Thc\ maj appear beneath adhesne plaster The) maj attunes 
be associated MUh lack of cleanliness The\ are thoUj,ht at 
rimes ro appear in neople liccause rhc) ire run tfou n hut 
thev also appear fret^uentH among athletes apparentl) m 
good training Some of these factors arc readih explained as 
local trauirn or as interference « irh normal excretion from 
the skin but x\ e can saj little about the underlx ing indix idual 

r periodic \ anatir ns m suscepribilic> among people except 
that thc\ seem to c\ist ex en if no reliable method of meisunn 
them has been found 

PxTiioTEMcirx oi SiAPiixxocooci-Althou h so little is 
knoxx n about factors that constitute suscepnbilit) on the part 
of the host some knot ledge is accumulating about the char 
icteristics of the ciusamc organism BlaiH has rexieiied the 
literature on st4ph\ lococci and reports the follow mg findings 
Some pathogenic strains (about 8S to 90 per cent) produce 
m Mtro demonstrable ami^emc exotoxws These include the 
so-called lethal toxin x hich can produce death xxhen in 
;ecced into animals Ac awfopsv these animals show non 
specific Icsit ns such as arc associated xx ith acute intoxications 
There arc also a dermonecrotoxin a hemotoxm a leukocidin 
ind an cnrcrotnxin "None of these toxins has been isolated 
from the others and thex mix all be actual!) one The filtrate 
from pathogenic sraphx lococci m culture usuallx has the 
po X cr to coatTulatc human plasma and to dissol e fibnn It is 
possible to produce a swphx lococcus toxoid that is a toxin 
x hich has lost all or near!) all of its t xic properties but re 
tamed its antigenic properties Such toxo ds are produced 
commcrcialh Amttoxins can also 6c produced and the Com 
tnittee on Standards of the League of Nanons has esrabi shed 
qualifications for an international standard staphx lococcal 
annrovin ttcrated foe its bibn to inhib t hemoh sis d rmone 
crosis or the lethal action The abilin to coamilate plasm 
I lair beliex es is the best I boratoi) exidence of pathogenicity 
of a tnm as x eakl) pathogenic strains m general do not p o 
duce coamil sc nor do thev f rnient manmtol as the path 
offens do 
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Farrell has earned further the svaAy of the toxins having 
found 600 strains of pathogenic staphy lococci from human 
sources \ihich produced diffusible toxins in sitro He distin 
guishcs between the power of staphylococci to vnade and 
their power to produce toxm To the former he attributes the 
deaths \i hich occur irregularly in asenes of mice injected with 
rclatncly small doses of the organisms while to the latter he 
attributes the deaths which regularly occur when doses as 
large as five average lethal doses are injected Staphylococcus 
antitoxin he found neutralized the toxic effect of toxigenic 
strains but did not appear to alter the power of invasion 
Prevention —The foregoing practical and experimental 
facts gi\ e a rational basis for measures of prev ention for peo 
pie who arc susceptible to staphylococcal infections Traumj 
such as pulling hairs from the narcs the wearing of chafing 
dirty clothes or the habit of rubbing or fingering the face 
may be woided One may institute special measures for clean 
mg the skin especially of the face and neck Dressings of 
nbsccsses may be held m place by smalt dabs of liquid adhesive 
r no adhesuc at all A restnction of carbohydrates even in 
the absence ( f demonstrable elevation of the blood sugar may 
be bcnehcul Propln lactic subcutaneous injections of staphyl 
ocouvs toxoid may be given twice a week beginmng with 
0 1 cc and increasing by O’ cc with each injccnon till 1 0 
cc ivrciclicd This dose is continued until a total of lO cc has 
been cn en E\ cn better results are said to follow intradcrmal 
injections ( f the toxoid beginmng with dilutions of at least 
0 I per cent to av oid necrosis It is usuallv possible to demon 
stntc in the recipients whose blood is onginalh low m anti 
toxm a nsc of sev cral times tts original titer nftcr the course of 
injections is finished Possiblv t icciiie should he gi\ cn w ith the 
toxoid Of all these preventive measures one may sa\ that 
they arc ccminU not uniformly successful hut that in some 
cases ihcv seem to be effective in checking recurrences In a 
li Cl c where 1 1 nnncoiis remissi ns arc so frequent conchi 
sions arc difficult to reach 

lRF\TMiNT-lhc treatment of established local staphyl 
c ccal infccm ns till rests chicflv upon the old pnnctplcs 
f rest cic' itioij ] cat and rfrj stage w hen pus has formed For 
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1 \ nibbini, stjpinlococa jnro the sJ»in or sbghr rrjumj 
bucli IS pulling out a hair orl) the presence of jn"ro\\ n hairs 
Thc} mn\ appear beneath adhesue plaster Thej ma) at times 
be associated A\uh laclv of cleanliness The> are thou ht at 
times to appear in people beciuse the\ are run down but 
thc\ also appear frequently among athletes apparentl) m 
f^ood rnurun"' Some of these factors are resdih evpijmed as 
local trauma or as interference «it!i normil excretion from 
the si in butuecansay little about the underlying indnidual 
<T periodic \aniti< ns in siisceptibilitj among people except 
that thej seem 1 1 exist c\ cn if no rcli ible method of me isunn 
them has been found 

PtriiofFMcin (t SuPHit-ocoo:!— Although so hffle jr 
know n al out factors th »t constinite susccptibilit\ on thc part 
if the host sonic knowledge is accuinularm ibout thc char 
rctcristics of the ciusunc onjanisni Bbir has rcMcw cd thc 
litenture on sraphy lococci and reports the follow ing findinc^ 
Some pathogenic stnms (about 8S to 90 per cent) produce 
in t irro detitonsrfable antizanc exotoxius These include the 
so called lethal totm which can produce death when m 
lectcd into animals At autopsy these animal show non 
specific lesu ns such as are assoenred wtth acute mtotieition 
There arc also a dcrmonccrotoxin a hemotoxin a leukocidin 
ind an entcrotoxm None of these toxins has been isolited 
from the others and rfic\ mi\ ill I e ictually one The filfnrc 
from pathogenic staphylococci in culture usually has thc 
pow cr to coigularc human plasma and to dissoli e fibnn It is 
possible to { reduce a stiphylococais toxoid tint is a toxin 
w hich has lost all or neaiix all of its toxic properties bur re 
tuned Its antigenic propemes Such toxoid arc proliiced 
commercially Atitttoxtns can also be produced and the Com 
mittee on Standards of thc Leamie of Nations has established 
qualificat ons for an Internationa! standard staphy lococcal 
intitoxin titrated for Its ibil ty to inhibit hemoiv s dermone 
crosvs or thc Icthil acton "ITic abil r\ t coimiiarc ph mi 
niair I el ei cs is the best ljboiatoi> c idence of patbo^enicm 
fastmm as eikJv p rbo enic strains in general do not pro 
duce coaguhsc nor d they ferment mannitol a- tlie pith 
o<»ens do 
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increased the rate of survival The combination of drug and 
antitoxin was still more effecuve Farrell siniilarl> found that 
m mice sulfapjridme alone did not alter the lethal effect of 
five average lethal doses of staph) lococci but that when pre 
ceded b) antitoxin it did protect the mice from death 
although abscesses of liver spleen and kidneys developed Bay 
hss found that the toxins were not neut^zed by sulfaml 
amide sulfathiazole or sulfapyndmc Osgood working with 
staphylococci and alpha streptococci in cultures of living 
human marrow found that neoarsphenamne m concentra 
tions of 3 to 9 parts per million was far more bactencida! than 
sulfanilamide and sulfapvndine in concentrations of 1 to 
10 000 and did not significantly damage the marrow cells 
Stjimoxyl still has its advocates There are other substances 
such as ^aimctdm and penicillin which are bactencidal 
for gram positiv e organisms m extremely high dilutions and 
other substances which affect gram negative organisms as 
well The value of these substances chnicallv is not yet 
prov ed 

The use of these bactericidal or bacteriostatic agents in 
combating staph\lococcus bacteremia is not within the scope 
of this paper The difficulty with their use m staphylococcal 
infections limited to the superficial tissues is the matter of 
getting them into contact with the organisms Reaclung the 
lesion b\ wa\ of the blood stream they may well prevent 
bacteremia or cv cn local extension and are to be used if the 
lesion scnouslv threatens either Applied or injected locally 
how e\ er their use is limited by the presence of dead tissue 
once that has formed No inlectcd lesion can be expected 
t( heal until the dead tissue has been extruded and con 
vcrselv once the dead tissue has been extruded almost any 
superficial localized staphy lococcal infection w ill quickly heal 
1 he chief indication is therefore to get nd of the dead tissue 
which is usually lest done b\ adequate dramaf’c A small 
< j emn" of course mav be adequate Each lesion must be 
stu bed and treated according to its ow n peculiarities The 
Incil use of bactcncid il or bacteriostatic agents in the w nter s 
experience sometimes seems a useful adjunct to drainage and 
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drainage potassium lij drovide in the fonn of tlie stick or the 
saturated soluaon cauoousl) applied with a toothpick SA\ab 
IS useful in gctnng rapidJ}^ through the s) in u jthour masion 
The use of 95 per cent phenol to enbrge sinuses already made 
c r e\ cn to open abscesses that are near the surface is still good 
practice The injection of novocam slowl} and caremll\ 
before incision is now more often used than is freezin<» For 
carbuncles the persistence of the time tried methods of in 
cision excision carbohzation and radiothcrap\ tells that no 
one method is best in all instances 

Two new products employed in staphs lococcal infections 
are I icteriopi jge and the sulfonamides Melencj and Jem 
has e used bacteriophage successful!} in os er a hundred cases 
of local staph) lococcil infections b) in)ectin<» the bacteno 
phage directl) into the lesion repeitedJ) until cure is effected 
The potencs of the bacteriophage is mainraincd and tested 
m a special laboracors whercstocl is kept available In their 
hands no serious untoward results have occurred and cures 
has e taken place There is difference of opinion on the pur 
pose of the use of bactenophai^e Krueger and Scribner m a 
report adopted fa) the Council on Pharmac) and Chenustr) 
sa} Altogether one gams the impress on from the litcnture 
to dare that sraphi Jococeus p!iage preparations carefuDv pre 
pared and intclligentl) used for s^ stcmic or local wn nuniza 
tion m the conditions mentioned arc useful therapeutic a cuts 
\nth about the same indications for clinical ^ppllcatIons as 
staphs lococcus vaccines and toxoid i\Jclene\ md Jem rec 
ommend the bactenopha'^c where it can be placed in contact 
w ith the organisms in the tissues or blood stream w hich is 
quite different from the indications for use of vaccines or 
toxoid 

The svlfoiujwdes has c been subjected to experimental as 
V elJ as chnical experience in treanno- staph) lococcal mfec 
tions Bro suing' reports the recent literature and also expen 
iienrs of his ow n m h ch mice treated v ith sulfanilamide 
surv IS ed staphs lococcal infection hardl) more often that did 
the untreated controls Tmtmcnc rh M ani B 69i niono- 
icers Idiimxnod phens 1 sulfone or st j h) I coccus vintoxin 
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increased the rate of survi\al The combination of drug and 
autiioxm was still mote effective Farrell similirlv found that 
in mice sulfapyridine alone did not alter the lethal effect of 
hve average lethal doses of staphylococci but that wlien pre 
ceded b) antitoxin it did protect the mice fri ni death 
although abscesses of liver spleen lod kidne) s dev eloped Ba\ 
liss found that the toxins were not neuti^ized b\ sulfanil 
amide sulfathiazole or siilfapyndmc Osgood’ working with 
staph) lococci and alpha streptococci in cultures of living 
human marrow found that veoarsphenmnne in concentra 
tions of 3 to 9 parts per million was far more bactcncidal than 
sulfanihmide and sulfapvndmc m concentrations of I to 
1 0 000 and did not significandv damage the marrow cells 
iitannoxyl still has its advocates* There are other substances 
such as grantictim and pemallm which are bactericidal 
for gram positive organisms in cxtrcmel) high dilutions and 
other Substances which affect gram negative organisms as 
well The value of these substances climcalh is not jee 
prov ed 

The use of these bactericidal or b ictenostatic agents in 
combating staphylococcus bacteremia is not within the scope 
of this paper The difficulty with their use in staphy lococcal 
intcctions limited to the superficial tissues is the matter of 
getting them into contact with the organisms Reaching the 
lesion b) way of the blood stream they may v ell prevent 
bacteremia or ev en local extension and are to be used if the 
lesion senously threatens either Applied or injected locall) 
however their use is limited b) the presence of dead tissue 
once that has formed No infected ksion can be expected 
to heal until the dead tissue has been extruded and con 
versely onct the dead tissue has been extruded almost any 
superficial localized staphylococcal infection w ill quickly heal 
The chief indication is therefore to get rid of the dead itssue 
which IS usuall) best done by adequate drainage A small 
opening of course mxy be adequate Each lesion must be 
studied and treated according to its own pecultanties The 
local use of bactencidal or bacteriostatic agents in the w nrer s 
experience ometimes seems a useful adjunct to drainage and 
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sometimes not Their use in pre\ention of infection in con 
tanunated \\ ounds and their ^ steinic use in controlling bac 
tereniia arc now of recognized \aluc 

INFECTIONS CAUSED BY STREPTOCOCCI 

Much of the fear of superficial infections of streptococcal 
ongin has been dispelled by the introduction of the sulfon 
amide drutjs Their eTtrjordinar> efficacv in cotnbatintr such 
infections has been pros ed bet ond quesnon This is cspccialh 
true of the diffuse ft pcs of infrcrion such as erysipelas Jvto 
phangitis and lesions grouped under the term cellubtis It i 
also true that certain strains of streptococci are more sus 
ceptible to sulfon imides than arc others the aerobic bets 
hemolnic \ arieties being in general the most suscepnble The 
standard dni" for use m these infections is still sulfanihimii 
{Jit cn bj mouth or parentcrally although it is quite probable 
fhar 35 experience with other sulfonamides accumulates one 
of them wall take its place The use of these doji’s in no way 
lessens the sunjeon s responsibilitx for searchin" for a focus of 
the infection whi h is often found at the point of entr) of 
the bacteria into the bod\ Drainage of an abscess or remoxal 
of a foreign bodx max often be neccssarx to effect a cure 
There arc three clinical txpes of infections associated iih 
streptococci that arc worthi of special mention The first 
I eiiroly tic streptocffcais gangrene as described bx Melenex 
in 19 4 The second IS the group of infections associated xith 
the so called vnero aerophlic ieumlytic streptococci often 
found as chrome undermining ulcers but occumn® in other 
forms as x ell The third is syncri'istc gan^enc hich usu 
all) occurs in wounds inxolxin*’ abdominal or thoracic iscera 
Hexiolttic Streptococcus Gx^CRE^E —This cond tion js 
pnmanlx an infection of subcutaneous tissue rh probable 
poiTal of entrx bein'’ often a inx ■ I w ound of the skin Lique 
faction of a lar‘’e area of subciitmeous tissue occurs ith 
secondan gangrene of some of the mcrhmg skin The gan 
g ene of the skin beg ns as a small purplish patch xi hich m \ 
become sumioiintcd bx a bulla constiiuti g the p3tho<nio 
si<m of the disease 
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Treitjneut consists chiefi\ of wide incisions be)ond the 
limits of the abscess The w nter hJS seen no case since the 
introduction of the sulfonamides but one w ould expect that 
they would be indicated as adjmants to surgery 
Infections b\ Micro-xfrophiuc IIemolxtic Strepto 
COCCI —The second group i e those associated w ith micro 
aerophilic streptococci are usuall) chronic ulcerated lesions 
which undermine tissues to \ar\ing depths even at times 
penetrating bone These oiganisnis arc characterized b) an 
extraordinary capacity for invasion Even in lesions that 
grossly seem to ha\ e w holly adequate drainaf^e tiiey w ill take 
ad\ antage of microscopic foci as starting points from w hich 
to burrow into sccminglyr healthy tissues \\ c have seen the 
femoral artery ly mg beneath the granulating base of a fairly 
clean looking lesion im aded so as to lead to se\ eral nearly 
fatal hemorrhages and finally requite resection of a portion of 
the artery 

Treawmit—Ths great power of invasion possessed by these 
organisms makes it nccessarv to eradicate them even from well 
drained y\ ounds and for this purpose «/hc peroxide dressings 
have proved their value It is essentia! to get the zinc peroxide 
into contact with the otcanisms over the entire surface of 
the lesion and therefore the first step m treatment must be 
the excision of overhanging skm edges and the opening of 
sinuses as far as the local anatomy permits Sulfanihvude 
given by mouth may also assist m controlling the infection 
liut in itself is usually not enough 

Synercistic Gsngreke —The third lesion known as sy ner 
gistic gangrene has been shown b\ Melcncy to be caused by 
a micro aerophilic nonhemolytic streptococcus associated with 
hemolytic Staphylococcus aureus The infection manifests it 
self as a painful tender red sw ellmg of the w hole or part of 
the wound Tlie pain and tenderness are the diagnostic fea 
tures being far more intense than vould be suggested by the 
appearance of the lesion As the zone of redness and sw elhng 
spreads the center of the lesion becomes purplish and then 
ulcerates From the tissues of the red zone the streptococcus 
can be cultivated from the central area the staphylococcus 
and contaminants Animal experiments indicate that both the 
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sometimes nor T heir use m prevennon of infection m con 
rimmatcJ nounds and their systemic use in controlling^ bac 
tcremti arc now of recognized \a!uc 

INFECTIONS CAUSED BY STREPTOCOCCI 

Much of the fear of supcrftciil infections of streptococcal 
( riETin his liecn dispelled b\ the introduction of the sulfon 
iniulc drugs Their extraordmarv efhcac> m combating such 
infections his been pn \cd bc)ond question This is especiallj 
true of the diffuse t\pcs <f infection such as erysipelas Km 
plnngitis and Iesi< ns grouped under the term cellulitis It i 
nl 0 tnic that certain strains of streptococci arc more sus 
ccpnlile to sulfonamides thm ire others the aerobic beta 
hciiK 1\ tic t arictics being m general the most susceptible The 
stindird drug for use in these infections is still sulfmihinide 
i,i\cn b\ mouth or parcntcraU\ although it is quite probable 
tint as cNpcncncc with other sulfonamides accumulates one 
( f them w ill t ike its place The use of these drugs in no w ay 
Ics. tns the survei n s rcsponsibikt for searching lOt a focus of 
the infection w Inch is i ften found at the point of entry of 
the Inctcrn into the Imds Oramige of an abscess or rcmosal 
of a forci n bodt mi\ then be necessary to effect a cure 

T hen. arc three clinical ts[ cs of infccnons associated with 
tix{ tococLi th ir arc w onhs of special mcnQ >n The first 
I fiiolyticstr ptocoictis I'liif'r nc aaasdescril edb\ \Iclene\ 
in 19 4 The sec and I the group of infections associated nth 
the so-cdicd vnero Kroplihc )ciiiol\u streptococci often 
foun 1 a chronic undermining ulcers bur occurring in other 
f mis 1 well T lie third is syncrfffsuc gji/grcwe whicli usu 
rll\ < ctiirs in wound m\ol in»» abdominal or thoracic Mscera 

I Ifmpi atic STBf PT 1 XXICCI.S G \NCRr\r -This condition is 
ynniinU an mfectnn of subcurane us tissue the probable 
I oml of entn I cm >ftcnitn\nl \ und of the skin Lique 
fiction of a lin»c area of sulcunneous tissue occurs with 
ccondin gingrcne of onic if the oa crl\ skin The t'an 
ptcnc of the skin I c"ins ns n sniill purpli h parch w hich ma\ 
become linn iintc 1 l\ a InlU con.titunm the pathomio- 
ni me i n of the disca c 
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TrcatDievt consists chiefl\ of uide incisions bejond the 
limits of the abscess The writer has seen no case since the 
introduction of the sulfonamides but one \\ ould expect that 
they would be indicated as adjuvants to surgery 
Infections n \ Micro-veropiiiuc Hemolytic Strepto 
COCCI —The second group i e those associated w ith micro 
lerophilic streptococci are usuilU chronic ulcerated lesions 
which undermine tissues to varying depths even at times 
penetrating bone These oi^anisms are characterized bj an 
extraordinary capacity for myasion Even in lesions that 
grossly seem to have wholly adequate drainage they will take 
ad\ antage of microscopic foci as stanmg points from \v Inch 
to burrow into sccmingl) healthy tissues e hay c seen the 
femoral artcr> 1) mg beneath the granulating base of a fairly 
clean looking lesion invaded so as to lead to several ncarlj 
fatal hemorrhages and finally require resection of a portion of 
the artery 

Tretwtsnt —The great power of invasion possessed bj these 
organisms makes u necessary to eradicate them es cn from w ell 
drained wounds and for this purpose ^nc peroxide dwfmgj 
have proved their value It is essential to get the zinc peroxide 
into contact with the organisms over the entire surface of 
the lesion and therefore the first step m treatment must be 
the cvcision of o\ erhangmg si in edges and the opening of 
sinuses as far as the local anatomy permits Sulfanilamide 
given by mouth may also assist m controlling the infection 
but m Itself is usually not enough 

Synercistic Gvncrene —The third lesion knovyn as syner 
gisric gangrene has been shown by Melcney to be caused by 
y micro aerophihc nonhemolytic streptococcus associated with 
hemolytic Staphylococcus aureus The infection manifests it 
self as a painful tender red syvellmg of the whole or part of 
the w ound The pain and tenderness nre the diatmostic fea 
turcs being far more intense than w ould be suggested by the 
appearance of the Icsmn As the zone of redness and sw elling 
spread the center of the lesion becomes purplish and then 
ulccntes From the tissues of the red zone the streptococcus 
can 1 e cultivated from the centra! area the staphylococcus 
and contaminants Animal experiments indicate that both the 
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itreprococci and the staphylococci mu^t be present to pro- 
duce the lesion 

Trcjf;//ent —Radical remu\jl of the lesion excisin the 
/ ne of redness as veil as the gangrenous area is the treat 
nient of choice folloved preferably by zincperoNTdedresan'^ 

Th S If m d a Sf pfoc c«t I f cf 
In any lofccnon associated yyith streptococci the mam 
questions now are vhether the sulfonanudcs yyJl affect the 
organism v hich one to use and hoyy to use it 
Re^nctoruiett of C^rtjtn Strains —Certain strains of strep- 
ncocci ha e been found to be refractory to sulfanilamide 
Bbss Lonrr and Feinstonc for example report that certam 
\aneties of streptococci arc refractory both m Mtro and in 
yno Spaulding and Bondi describe n o weaUy yinilent 
strains of anaerobic group A hemohne streptococci one of 
which appeared to be resis^t to sulfanilamide in nuce while 
the ofher las moderately susceptible After 2d2^tation to 
aerobic incubation, both became refractory Strains of strep- 
tococci do appear at tunes to chan<»e their culniral require 
meats and their hemoly tic properties and it is too soon y ec 
to be do<»manc about the indications for the use or avoidance 
of sulfonamide therapy based on laboratory reports of the 
strains of streptococci recovered from a lesion 
Cl oice of Drug —The question of w hich of the sulfonam 
ides to use is still unsettled Sulfanilamide has probably been 
the drug most extensively studied and tned clinically It is 
recommended for infections caused by hemolytic strepto 
cocci on excellent authontj There is reason to think ho 
ey er that sulfathiazole and sulf idiarine may be equally effec 
rz e and Jess roxzc cspeciaJJj m m \ed infections 

Local erstis SvsteT/nc Use —It is impossible to stare clearly 
at the present t me yv hat are the indication for the use of 
the sulfonamides locally systcmicilly and by both routes 
to<^ether There are fragmentary bits of e ndence how e er 
from w hich one may piece together a rational concept here 
the organisms ha e spread ond reach of local appl cation 
of the druo the need for system c d{»a< 7 e is oh ous At the 
other extreme v here the lesion is s pcrficial and open so that 
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the drug can be brought grosslj into contact ith every part 
of Its surface it seems to be pro\ cd that local applicauon alone 
will get nd of hemolytic streptococci Colcbtookaud others ® 
who have studied this matter emphasize the advantage of 
preceding the application of the crystals of the drug by wet 
dressings for two or three days in order to get rid of crusts 
slough and exudate from the surface of the lesion Similarly 
the use of crystals on the surface of fresh wounds to prevent 
infection whether the wounds are later closed or not in 
selected cases is apparently becoming recognized to be good 
practice * 

The chief controversy centers about the question of the 
effectiveness of sulfonamides used locally m sttppuratmg 
wounds It IS Ivnown that pus diminishes the effective action 
of sulfanilamide but clinically and m experimental animals* 
evidence can be brought to show that the action is not wholly 
inhibited Hawkings expenmems ire interesting m which he 
showed that sulfanilamide can penetrate dead tissue but that 
m living tissue no higher concentration can be obtained by 
local application than by oral administration This observa 
tion accords with a concepoon of the use of these drugs which 
may be broadly stated as follows where one is pnmanK m 
terested m combating organisms that have invaded living 
tissues whether m the wall of an abscess or elsewhere sys 
temic dosage is indicated but where the threat of invasion is 
not piramount local applications mayr do good and may even 
be preferable to systemic dosage The cy pe of organism pres 
ent in the lesion, the amount of pus and dead tissue present 
and the accessibility of the tissue surfaces of the lesion all 
pK\ their part in determining the effectiveness of local apph 
cation Often the combination of local and systemic dosage is 
indicated 

GAS GANGRENE 

This IS the term given to ccrtam severe infections in which 
gisforming anaerobic organisms invade the tissues usually 
spreading with great npidity causing gangrene greatroxcmia 
ind often death The commonest organism found is the A 
tvpc of aostndium w clchn but the infection is often a mixed 
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one and other anaerobes imj be present notabh Cl sepuque 
and Cl no\ji Streptococci and indeed almost an\ t}’pe of 
oi^amsm inaj also be present It is north stating that neither 
the presence of gas bubbles m the tissues nor the presence of 
Cl n elchii m the n ound is diagnostic of gas ganf'rcne The 
entire chnical syndrome must be present as foundation for the 
diagnosis although as a pracacal matter n hen the diagnosis is 
suspected the finding of gas in the tissues or of organisms in 
a smear from the \\ound that resemble Q welchii maj be 
sufficient confimiator\ evidence to jusafj the treatment of 
the lesion as if it \v ere gas gangrene 
Divcnosis —The infection fortunatcl\ is an infrequent one 
and no surgeon sees nian^ cases Cv en of the \v ar casualties 
among soldiers and civilians in Lngland MuUallv savs In 
fection ^\uh gas forming anaerobes is a common almost uni 
veisal feature of all war wounds gasgancrrcnc is an infrequent 
compbeatton of such infection ilie dia^mosis rests on several 
factors all of which ma) not be present in anj case First the 
likelihood of anaerobes having access to the lesion It ma) 
develop around a colostonn opening a v ell as tn grossh 
contaminated street wounds Second the presence of poorly 
drained dead or damaged tissue cspecnllv muscle Third the 
presence of diabetes or arteriosclerosis Fourth the charac 
tenstic odor Fifth rap d increase of pain and tension m a 
w ound Sivth cv idcnce of toxemia as sho vm first b) a sharp 
rise m the pulse rate and restlessness with later rise of tern 
perature v omiting and eupliona be enth increased sw ellin" 
and tension in the wound area with evidence of gas in the 
tissues \ ravs mav carij show the presence of gas m the 
tissues even before the clinical evidence of infection is con 
» incing In lesions m w hich gas i^ngrcnc is suspected or anaci 
pared it may be adv isablc to take \ rav films as often as se\ 
eral times a day m order to make an early diasrnosis 

Prevention —The treatment of gas gan<»rcne is th subject 
at present of much comro ersv Certam p occdures how ev er 
are^ pretty generalh accepted In prevention t is clear that 
debridement of d rty or crushed ounds and the a oidance 
of lochn<^ up organisms in the t ssues b\ suture are of primary 
importance Early dngnosts is Iso clcirly important beciusc 



ISFECTIOSS OF SKIN \ND SUBCL f^NEOVS TISStF 409 


no infection cm spread \«th greater rapidit) than gas gan 
grene To increase the number of early diagnoses the hospital 
surgical personnel interns and nurses should be taught to ha\ e 
the possibditv of this infection ever m their minds and to 
recognize the earl} signs and s}mptoms particular!} the smell 
and hnalJ) to u asrc no time in gerting treatment started 
Trfatment —Open Dratnige —The treatment that is most 
generally accepted is wide incisions into the affected tissue 
opening the skin deep fascu and fascial sheaths of muscles 
freel} to relieve tension and provide surfaces for drainage 
As much dead muscle as possible is removed avoiding injury 
to blood suppl} and recalling that the mam blood supply of 
muscles of the curemitv is ouen located at the proximal end 
so that the distal portion of the muscle may have to be re 
moied vnth the provimal even if the distal portion does not 
seem to be grossly infected 

The matters m treatment that are yet undecided haye to do 
with the use of the sulfonamide drugs locall} and s}stemic 
ally the use of serum and the value of x ray therap} 

-Concerning the sulfonamides experimental 
wofl has given conflicting evidence depending perhaps on 
how the experiments were done In small animals it is diffi 
cult to set up conditions \v hich approximate the lesions found 
in human beings Hawking for example incised and trau 
manzed the thigh muscles of guinea pigs then applied 0 
‘mi of a sulfonamide to the lesion together with a cloth soaked 
in an emulsion of a culture of anaerobes He then closed the 
wound If the animal survived he reopened the wound three 
days later removed the cloth reapplied the drug and a^ain 
closed the wound His conclusions were that the sulfonamides 
have a protective action against Clostridium wclchii and Cl 
septique but not against Q ocdematiens that sulfathiazole is 
the most potent of the sulfonimides tested that Inca! appli 
cation is better than systemic ind that delay in application of 
the drug low ers its efficacy rapidly There w ere no surv iv ors 
V hen the drug was given six hours after the organisms were 
introduced Rhss Long and Smith concluded that under the 
conditions of their eypenmeitts sulfadiazine and sulfathiazole 
‘nven locallv afforded the best protection among the sulfon 
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aijjjdes bjir rJicir eY{>cnnicnts were conducted un !cr cttcuni 
i.tances far remo%ed from clinical conditions 

Altogether the expennientJl work so far gi\es no clear 
notion of the value of the sulfonamides m treating gas gan 
grene infections as the\ occur m humans Clinical reports 
also are at variance It seems probable that benefit in some 
cases w ould result from the use of these drugs but just \ hich 
drug and how to use n has not been detemuned Sulfaml 
amide has been recommended althou<^h the experimental 
ev idence suggests that some of the others miv be better 

Ztnc 1 eroxide —The use of zme peroxide locallj in cases 
of gas gangrene has seemed to give some evidence of the 
efficacy of this nonimtarint' oxidizing agent m this disease 
In ccnain case w here it has been used after the debndement 
of grosslv involved tissues there have been npid marked 
climcal improv ement and npid disappearance oi the organ 
isms from the wounds This substance should have more 
extensiv e tnil 

Aiiti gas Cavgrene 5wm/— The use of anti gas gangrene 
serum his fallen into disrepute recently based largely on the 
impressions of surgeons vvho have not felt that it irinuenced 
the course of the patients m v horn thej have tried it and 
also on the theoretical grounds that annsera against such a 
nu-xed and vaned flora as mav be found in gas gangrene in 
fcetions would onl^ occasionalU be specific This does not 
mean that serum has been pven up and there is evidence 
expcnmcntall) that against some of the organisms especiallj 
Clostndium oedematiens it can be highlv effective Clinic 
allj however the value of serum has not been established 
R idwtl erapy —1 he most outspoken adv ocite of radiother 
apj m gas gannrcnc is J F Kellv He is rccentlj quoted bv 
Meleney as hav ing treated or collected 364 cases with a total 
mortalitv of II 5 per cent He has recommended (1) a oid 
ance of amputation for gas gangrene per se ( ^ ) del ndement 
(3) roentgen iherapv consisting of about 100 roentgens per 
port using sufficient ports to include th infected area ith 
roitable kilovolta'^e to give penetration an 1 n aluminum 
filter if It least 1 mm thickness Tv o treatm nts da Iv should 
be given He savs If treated with x ray according to dircc 
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lions no case dies of gas gangrene that has not sufficient rea 
son for death from causes other than the gas gangrene * 
Cantnl’ goes even further in advising against anj sui^ical 
procedures in the acute phase of the infection where x rays 
are available Important details are lacUng m Kelly s reports 
such as the proportion of his cases in which the diagnosis was 
proved the seventy and extent of the lesions and the nature 
of the therap) done other than \ ray Adverse reports have 
appeared about \ ray treatment** * but m these too details 
are lacking Experimental work by Caldwell and Cox*® fails 
to show any benefit from x ray therapy m guinea pigs but 
this work is criticized because small laboratory animals are 
apt to withstand exposure to x rays poorly 
In suvmary one can say of the treatment of gas gangrene 
that preventive treatment of wounds early diagnosis and 
prompt institution of free drainage arc measures of cscab 
iished value Concerning the value of the sulfonamides zinc 
p^eroxide sera and roentgen thcrapv uncertaintv still exists 
Further research and clinical tnal are clearlv indicated 

TETANUS 

In the case of war wounds and of severe injuries in civil 
life such as compound fractures tennus antitoxin of course 
IS giv en It is the minor injuries of skin and subcutaneous tissue 
w hich confront the surgeon daily w hich raise in his mmd the 
doubt ofwhcthcrtogiveanutoxmorwithholdit Itisnow no 
exaggeration to say that the development of tetanus toxoid 
constitutes one of the greatest boons that medicine has given 
to humanity affording protection as it does against tetanus 
occurring m wounds large or small 

The preparation of tetanus toxoid w as desenbed bv Ramon 
in 1925 It is now supphed by several pliarmiceutical houses 
obtained from highly potent tetanus toxin which has been 
detoxified bv the addition of formalin vnd then precipitate 1 
I V aliiniimim potassium sulfate and resuspended in saline 
It therefore contains no serum V few severe reactions have 
I cen rej orted follow mg its injecnon but they seem to be 
far less frequent than those following the injection of anti 
to\m It was used to protect hoises m France and became 
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amides but their e\j enments were conducted under circum 

ranees far removed from clinicj! conditions 
AJrogerher the evpcnnieiitil viort. so far iji\es no dear 
notion of the value of the sulfonamides in treating "as an 
grene infections as ihcv occur m humans Clinical reports 
also are at v ariance It seems probable that benefit in some 
cases n ould result from the use of these drugs bur just u hrch 
drug and how to use it has not been detemimed Sulfaml 
amide has been recommended aIthou‘’h the cvpenmentil 
ev idence suf^gests that some of the others ina\ be better 
Zjuc Peroride —The use of rinc peTO\ide Jtxral)^ in cases 
of gas gangrene has seemed to civc stnie evidence of the 
efficacy of this nonimtatmg oxidizing at'cnt in this disease 
In certain cases where it has been used after the dcbndenienc 
of grossly involved tissues there Invc been npid marlvcd 
climctl iniprovcment and npid disappearance of the or^an 
jsnis from the wounds This substance should have more 
extensive trial 

Anti gjs Gjtigrettc Sertim—Tht use of ano gas gangrene 
scrum has fallen into disrepute recentlj based larv^clj on the 
impressions of surgeons who have not felt that it influenced 
the course of the panents in whom the) hue tried it and 
also on the tlicoreacal grounds that antisera against such a 
mixed and varied flora as mav be found in gas gant'rene m 
fecnons would onh occasionallv be specific This does not 
mean that serum has been given up and there is evidence 
cxpenmcntalK that against some of the organisms cspcciall) 
Qosmdium oedematiens ic can be highiv e/Fecov e Clinic 
all; hov ever the value of serum has not been established 
Radioil CTJpy — TIic most outspoken advocate of radiother 
ap) in gas gangrene is J F Kcllv He s recentlv quoted bv 
MeJene)'' as havnng treated or collected 364 cases ith a total 
mortalitv of 11 5 per cent He 1 as reco nmended (I) avoid 
ance of amputation for gas gangrene per c ( ) lebndem nt 
(3) roentgen thcrapv consisting of bout 100 roentgens per 
port usin" sufficient ports to mclude the infecred area \ ch 
su table kilov olta^’c to gi e penetration and an alumm in 
filter of at least 1 mm thicknes T o treatment la Iv should 
be given He si\s If treated with x rav according to direc 
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wjdel) used for men first m the French amn and «as later 
adopted bj the Bnnsh and Amencan armed forces. Milhons 
of injections ha\e been gi\cn b\ this time and the harmless 
ness and effectn eness of the toxoid prot ed 
The toxoid is gi\ en in a senes of injections subcutaneous!) 
each of 1 cc The second injecnon follows the fiisr iisuall) b) 
about eight \\ eeks The third is git cn a \ ear later \bout 
three to slx months after the second injection the ncer of ann 
toxin circulating m the blood of the recipient rises bur more 
important is the fact that his capacitv for the rapid produc 
non of antitoxin also is enhanced so that he respt nd to a sub 
sequent stimulatinij dose of toxoid with an enonnous produc 
tion of antitoxin in the course of a few davs The degree of 
immumtN so obtained is num tunes that suppbed b) the 
usual proph^ lactic dose of anticctanus scrum Once a person 
has been protected b\ the first two doses of toto d and a slx 
months mten al has passed he ma\ then be rendered almost 
jbsoluteh immune to tetanus b> the mjtcnon nf another 
dose of toxoid which carries with it pnenealh no nsk of 
harm no danger of serum reaction and nnl\ sight discom 
fort The ttxoid ma\ be given to children tot^ether with 
diphtheria toxoid (rnu> begnenx ith rvphoid \acc ne The 
len<»th of time that its effect lasts after the third dose is nor 
\ct cstabi shed but it is thought Iikcl\ tint an injecti n 
should be given everv three or four vears 

The purpose of the foregomc paragraph is to encourage 
the adoption of prophv lactic injections of tetanus toxoid 
w herev cr possible— and there are few instances v here it w ould 
be impossible or mad isablc Alth u<»h tetanus is an infrequent 
disease in civil life the danger of it development frilovmf' 
injuries IS often present A maj rcoiiplicjci n f iperhcial 
wounds can be eliminated if people so desire For a descrip 
non of the subject of tetanus an 1 the treatment of the disease 
w hen established reference is «nven to the e cellent amcle bv 
Norman T Kirk in Nelsons Loose Leaf Sure n 
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INFECTIONS OF THE CHEST 
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M HEN infectious oi^anistns imade the thoracic cavitj the 
tissue reactions differ but little from those elscuhcre m the 
body The clinical course of the patient with mtrathoracic 
infection depends on the progress of the infecting agent and 
vanes from the minimal systemic response obtaining when the 
normal defensiv e mechanism of the body is successful to the 
rapidly fatal ovetw helming scpQcctwas 
It is however not with these two extremes that the surgeon 
IS especially interested More wuhm his province arc those 
cases in which a balance is struck between the invading or 
gamsm and the patients resistance to infection Qinically 
this IS the period that corresponds to localizaoon of the in 
fcction and abscess formaaon It is at this stage that timely 
surgical intervention may be successful m turning the balance 
m the patients favor 

Recognition of mtrathoracic abscess formation is often a 
matter of great difficulty the more so when too much reliance 
is placed on clinical examination The ngid thoracic cage 
which so well protects the contained viscera and spaces also 
renders them relativ ely inaccessible to ordinary climcal meth 
ods The development of roentgenology has made possible 
the accurate localization of mtrathoracic abscesses that is so 
essential to successful surgical approach 
This consideration of the surgical aspects of mtrathoracic 
infection wall be dealt with under four headings Empyema 
Lung Abscess Mcdiastmins and Pericarditis and is offered as 
a group presentation Tlic sections on Empyema and Lun" 
Abscess arc contributions of Dr Conrad Lam and Dr Henry 
N Harl ms bile the sections on Mednstinitis and Pcncar 
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quentl) found The ratio of pneumococcal to streptococcal 
empjema uill \nry with the period being studied For ex 
ample m the Henrj Ford Hospital senes stxtj four em 
p)emas treated in the period I916-19’3 showed onl) thirteen 
of the pneumococcal type and thirty seten of the strepto 
coccal type Benson and Penberthv reported 144 children 
treated in the period 1936-1941 Cultures of the pleural fluid 
showed the pneumococcus to be present in 74 per cent the 
Streptococcus m 10 7 per cent the stapht lococcus in 6 ’ per 
cent no grow th m 8 per cent and influcnTa in 0 9 per cent 
These writers call attention to the decreased incidence of 
emp\ema and the lowered mortalir> in those cases which do 
develop empy ema In 1936 there were 697 cases of pneumonia 
m the Childrens Hospital of Detroit with thirty five cases of 
empy ema The mortality for pneumonii w as 9 7 per cent 
and for empyema 8 6 percent In 1940 there were 1174 cases 
of pneumonia y\Tth only sixteen cases of empy ema The mor 
taltty for pueumoma y\ as 6 5 pet cent and the empy ema mor 
tality y\ as nil The decrease m the mortality in pneumonn and 
the incidence of empy ema is attributed ti decreased y inilence 
of the organism and the adv ent of the new sulfonamide chem 
otherapeutic agents 

T Jm t 

The successful treatment of empyema demands the applica 
tion of surgical principles and ludgment rather than the use of 
any one method of treatment in all cases As emphasized by 
\ an Hazel there arc n o mam cb|cctives (1) to drain the 
pus and ( ) to obliterate the cnity If this can be accom 
plished by veedle aspnatwji the requirements are satisfied but 
such cases must be rare However many patients arc cured 
by the almost nonsurgical prtecdure of closed drainage 
through the intercostal tube Rib resection vv ith open dram 
age IS indicated in other instances ^llen stared There has 
been something of v alue in most of the methods of treatment 
advocated The ob)ectiomMc feature has been the feeling of 
ome authors that their particular method should be applied 
to all types of empyema and earned through to a final con 
elusion 
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dins are largeh due to the efforts of Dr Lawrence tallis and 
Dr George adsw orth 

EMPYEMA THORACIS 
P th 3 <1 T tm t 

CO RAD R LAM M 0 

Lnip\ cma is the commooesc form of suppuration in the 
chest CJ\ it\ ith « hich the sui^eon has to deal It is rarely if 
e\ er a pnniax) condition but is a complication of preensan 
disease It is usualK diagnosed b\ the internist « ho is cann<' 
for a case of pneumonia or sepsis 
P thog i s 

The ormn of the mdaiitnutor} process in enip> ema seems 
Co be simple In pneumonia the pathologic change evtends to 
the penpher> of the hing where a more or less hbnncus etu 
duefonns This exudate is fre^uenth infected with the path 
ogentc orgiaistti from the parenehjnia of the Jung If the 
pneumococcus is the invadit^ organism there is considerable 
bbrin fomiaaon the cmp\ema is apt to be more localized 
and the pus is thicker On the other hind the streptococcus 
produces less of a pltoc evudate the lung is not adherent 
the pus is thin md the toxiciu is usuall) greater 
Orher modes t f entrv are /ncrasrjsi from other foci of m 
fection direct infection from perforation of the chest \ all 
with bullets knw es and other objects and perforation of the 
esophagus b\ instrumentation and foreif^n bodies One hun 
died and si\n ei"ht patients with cmpvcma at the Hcnn 
Ford Hospital had the folloi^ing pnmar\ diseases lobar pneu 
monia, bronchopneumonia infl enz I bronchopneumonia lun(» 
abscess corjTa nephni s mast id os cr\ i{ cl s subphrenic 
ibsccss postabortal infection t\-phoid fe%cr operation for 
diapliramnanc hernn pneun ococctis pentonitis pulmonarj 
infarct perforation of esoph «nis sc rler fe cr o reonn efins 
of cercical \ ertebra tnd stab \ound of thora. 

After an extens e re e of the literature Ehler stated 
About SO per cent of eiip\ema is cau ed b) pneumonia 
h ncc It is reasonable to suppose that the p eumococcus strep 
tococcus and stajh^I ecus arc the orgini ms mot fr 
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qucnilj found The ratio of pn umococcal to streptococcal 
empjema will varj with the period being studied For e\ 
ample m the Henrj Ford Hospital senes si\t\ four em 
pyemas treated in the period 1916— 19’3 showed otiK thirteen 
of the pneumococcal type and thirty sc\ en of the strepto 
coccal t^pe Benson and Penbcrth> reported 144 children 
treated in the period 1936-1941 Cultures of the pleural fluid 
show ed the pneumococcus to be present in 74 ’’ per cent the 
streptococcus in 10 7 per cent rhe stapln lococcus in 6 per 
cent no growth m 8 per cent and influenza in 0 9 per cent 
These writers call attention to the decreased incidence of 
empj ema and the low ered moitaho in those ci-scs w hich do 
develop empjcnia In 1936 there were 697 cases of pneumonia 
in the Chilaren s Hospital of Detroit w ith thirtv fiv e cases of 
empyema The morta[it\ for pnciimonn was 9 7 per cent 
and for empyema 8 6 percent In 1940 there were 1174 cases 
of pneumonia withonU sixteen cases of cmp\ ema The mor 
tahty for pneumonia w as 6 3 per cent and the empv ema mor 
talitv was nil The decrease in the mortalitv m pneumonia and 
the incidence of empy ema is attributed to decreased v irulence 
of the organism and the advent of the new sulf inimide chem 
f therapeutic agents 

T atme 1 

The successful treatment of empv ema demands the apphea 
tion of surgical principles and judgment rather than the use of 
any c ne method of treatment in all cases As emphasized by 
Van Hazel there are tw mam < bjeenv es ( 1 ) 1 1 drain the 
pus and ( ) to obliterate tie ci ity If this can be accom 
plished by needle aspiration the requirements arc satisfied but 
such cases must be rare llov ever manv patients are cured 
b\ the almost nonsurgicil procedure of closed driinige 
through the intercostal tube Rib resection with open drmt 
age IS indicated m other instances Allen stated There has 
1 een something of value in most of the methods of treatment 
advocated The obyectiomblc feature has been the feelinf» of 
oine authors that their particular method should be applied 
to all tv pcs of empv ema and earned through to a final con 
elusion 
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nic literature com«n reports of cases treated I)) different 
method ^ning cumparame iturtaht\ himrcs One must 
guard a ainst drawing unwarranted conclusion from these 
tan tie's Becau c a large senes shows a greater inortalit) in 
c ncs treated with the intercostal tube dt cs not mean thit this 
inctliod should be discarded It nuj mean that this author used 
the intercostal tube onl) in his dcsperatelv ill patients For 
example Eliason and Pfeiffer* repotted 140 cases treated sur 
-ncallt w irh a total morralitt rate of 4 per cent The lo \ 
est mortalit\ w as m instances in w hich the closed method w as 
follow ed b\ the open method (9 09 per cent) and the highest 
w as w lien the closed treatment alone w as used (46 I per cent) 
Hochherg studied 288 cases of acure empyema classifnn 
them as complicated and uncomplicated A companson of the 
morrahct under \ arious forms of treatment is mt en m the 
accompimin" tabuhrion 

T»Bia.lT70\ 
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It IS bes ond the scope of this article r d scuss deta Is f 
operatn e reclin c and mana'^ement From t me to t me tl e e 
arc ne ' suggestions for the im<rat on of the ca t\ throuf'h 
the ntercostil tub The uthor has continued to use i 
suiiple \ tube amn’^mem hetebx the ca\it\ can be filled 
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and empned intenmttentl). a native pressure being main 
tamed by siphonage m the intcnals between irrigations Saline 
solution and Dakin s solution arc commonly used as the irri 
gating fluid Adams” at the Lahey dime has used sulfamlamide 
solution (0 8 per cent) and belic\ es it is of \ alue for local use 
In this connection it is interesting to note such isolated reports 
as that of Small and Greenberg who treated a case of 
chronic streptococcal einp\ema by repeated aspirations and 
injections of neoprontosil 

Since the successful treatment of empy cma consists in the 
application of suipcal pnnciples to individual cases rather 
than the use of anv one method of treatment it is felt that 
the important points in treatment nuv be emphasized best by 
outhnmo^ the procedure in three typical cases 
Case I Pneumococcvl Empyema in Child Tbevted Success 
FULL\ BY Closed Imcbcostal Drainage -J M was a white g rl 
edse cnye rs She was admttcd to the hospital onDecembet 1 
1940 after ha\m<' been sick for one month About October 25 
sh had an upper respir tor\ nfection Intestinal flu was diag 
nosed on November The e were s t^ns f left lo er lobe pneu 
noni four davs later and she was given 40 grains of sulfaml 
mide daily Phv steal findings of empyema were noted on No 
ember 16 and at this time 100 cc of g enish flu d as removed 
f m the 1 ft pleur 1 c tv S m 1 taps ere carried out on 
No emb r 2 and 9 At th s t me she was very ill pyre a \ as 
1 rl e 1 nd she h d at g spasms of coughin<» dyspnea and 
v nosis 


On the da\ of dm n the white blood cell count w s 37 500 
90 p r c t bein" polv orphonuclears Tlie temperature w s 
103 2 F p le 146 d espiratory rat 66 Roentgen exam na 
t on of the cl est sho d the left s d to be completely opaque 
V th m k d med st n 1 shift to the n”ht 100) T o 

hunirdcc of th ck gr n h pus a rem ved and the pneu 

cc Tvpe 1 as rcco red on cultur The next d v an 
Iter tal t 1 as n tcl I flui I a dr \noffin 00 cc 

> i It 1 ter tt 1 1 irr i, t n v th D k n sol ition v as I cgun 

a D ceil I r tl calnj ovc nt as nicdiatcK c deu 

*' t 1 ' ' c 1 m I aft the f u th p top rati c 1 \ 

Dur the hrst six days the p ae t v as g ven sulfatl az Ic 
illOn f 1 le bio i d 1\ On December 16 th eiiipvem 
c \it\ me s el only 5 cc and the p o ess roentgenogram 
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llic literature ctinnin reports of cases treated 1 ) different 
luetlnd ^iMn^ coniparamc mortalin h^ures One must 
^niard ai,ainst drawing unwarranted conclusions from these 
btati tits Because a large senes shows a greater morTaht\ in 
Lises trcitcd with the mtercosnl tube does not mean th it thi 
method should be discarded It may mean that this author used 
the intercostal tube onl) in his desperately ill patients For 
example Tliason and Pfeiffer^ reported 140 cases treated sur 
gically w ith a total mortality rate of "’4 per cent The low 
est mortality w as in instances m w hich the closed method w as 
follow cd by the open method (9 09 per cent) and the hi hest 
y\ as y\ lien the closed treatment alone w as used (46 1 per cent) 
Hochl erg studied "’88 cases of icute empyema clissifyin 
theni Js compbeattd and uncomplicated \ comparison of the 
momhty under lanous forms <f treirment is given m the 
acconij inynnw tdnihtion 

T\iiui vno\ 
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It IS beyond the s ope of this article t > 1 scuss derails of 
opentiv c technic an 1 niana"emcnc From time to ume there 
are nev suc^estions for the irrigation of the cav ty throii h 
the intercostal ti be The author I a. continued to use a 
siniplc ^ fui’f am/igemenr iherehi the caim can be ffi/cd 
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showc 1 sausfaccor\ c\acu3aon of the p s and correcuon of the 
mcd stim! sh ft (Fi" 101) Ten d \s later the intercostal tube 
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Fc 101 Fg 10 

t g 101 (Cl I> 11 Ls f drs g h gh rcos I 

tub 

F 10 (Casell— Fll p oe eram star 1 

as e d nd t 1% ftrthtih p tient d sth "cd 
The f 11 P r m on J nc 6 1941 re I 1 m 

pi te r 1 t n of the p ce (F 10 ) 
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t(n and a r m negat t rod hich as n t identified On 
Apii\ 11 an intercostal t tlie was inscrte I 1 he temperature as 
104 F on this da\ and fo r ia\ s later \ as m r i The pr 
ress roentgenogram n Ap 1 3 sh cd ati fact rv clearing i 
the che t flu d (Fi<t 10b) The pat ent wns i sth reed on Ma> 16 




Fg 107 F 108 

Fg 107 (C IIIj-M a b f f Cht pi I 

I g 108 (C lllj -R 1 f I k f d g h 1 

th a small piece of the t I rll pla e tl i as removed on 
Maj 24 and a v k 1 te tl e s us as cl sed and h as re 
leased t work 

Covniieut —Cases 1 and II \ ere both pneumococcal infec 
tion but the first was an empvcma involving the entire pleucil 
cavity with mediastinal shift and although the pus vv is thicl 
drainage was easily accomplished b\ intercostal catiieter 
drainage The second case showed a different picture the 
cmpvema was obviously well localized and the medustiml 
structures were not pushed to the opposite side \\ ide open 
dependent drainage seemed indicated and resulted m speedy 
healing The intetc istal tobt seemed adv antageous in the third 
case because of the diffuse nature of the emp\ ema and its 
putn 1 character W ith a clcsed svstem beintf used there was 
never an\ odor about thi pnient while he was being cared 
for 
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Case II P\el\io occvlEmmema t Aollt Treated Rir 
Resection rno Ope Drunacf— W M \ as a hit m !c a fd 
fift\ t sears He a adn tied on Mirch 31 1941 Fne da\s 
t cfore admission he had a ses ere chill a d since had had fes er and 
sw eats daih Ph\ sic I exa nat on sh \ cd inipa n ent at the 
right b sc (1 the clinical d amo ts f lobar pneumonia « as made 
"Ihc putum sho cd T\pe II pneumo occus The sshitc bio d 
cell cou t a 0 50 1 reatn t \ th sulfathi le and serum 
M as begun 

On April a th race te s as done % ith th remosal f a 
fc\t c bic entimeters f stra col ed fl i d x\ hi h Melded T> pc 
II pneumo occus n culture 7 here as a d Is temp tu le 

sation to 100 F Purileni fluid % a ren o cd fr>n the loier 

right chc t n Ap il 9 and films < f the he t on the folio in 
d ) show d enc p ulated fluid h log po ter o 1\ i the 1 « er h If 

of the n 1 1 chest (Fi'n 103 J04) O April 11 a p rt n of the 

ei hth rib as re ected m the reg on f the poster r as II n h e 
A large n d dr m tub as i erted and a m derat qu ntin 
of thick pus ndfibrn asrmox d F«ni e lOa sbos s the am t 
of p! urni re t n at the end of ts cks f dra c The 

tube as ren 0 ed n Nias andthepte tad char" d fr m 
the ho p t I n '( V 10 A w cK I terthe si u as clf ed and the 
pr fffess r tge ran >ho cd furth r re ol t (F" 106) 


Case III Mix A xek ic 1 ectjo in Adult Tkexied bx 
Clos V Int <xi Til Dr.ii i e -1 he th rd p c nc s a h cc 
It a! aj,cl c ht en \ ar> He a d teed on Aprl 3 1941 
1 here X a a h to \ of line f c en w ks ch racten cd b\ 
p astrat on fat f' ad th lU cn nti He as m I cd f r fi 
d vs ea I\ n the llness There pain m th ch c f r three 
weeks At the t me of ad t >n the t iTip atireia 1034 F 
pulse 104 nd re p ratorx tc 4 Th e a flatness t pcrc 
on c the r ht b e lie ht blood c 11 c t I 000 


\ ith 76 p r t poll orph n Icars T1 ti' 
ported Tl c ci I del dn«' creheent er 
S me f the ( are t a e j t lo c the r"ht d 

Part f tl i "cv ext c I n of p 1 n \ 
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js continued or operiwe jnterfercnce is decided upon In cet 
tain cases honever %ve believe that earl) interference is ad 
\isable It IS highl) desirable to be iblc to operate earl) in 
those instances in which operation will have to be performed 
an\wa\ DeU) in operation then is to enable a proper choice 
of cases to be made rather than to allow the abscesses to npen 
and become more read^ for sui^ical drainage 
In this regard we are largclj m accord with the views of 
Neuhof and Touroff (1958) These authors studied forty five 
consecutiv c operativ e cases of acute putrid pulmonarv abscess 
Operation was considered unperative in cases of perforated 
abscess of which there were eleven as well as in a number of 
cases without perforation These authon conclude that their 
operative indications for drainage of acute abscess have been 
\ idenin'» The following histor) exemplifies a successful 
drainage of acute abscess m which the operative indications 
might be considered as imperative b) Neuhof and Touroff s 
entena 

Cvs 1-A hte male aged fiftv five tears pre lOusU had a 
un es Ived T\pe 1? pneumoni near the left margin of the he rt 
a sho n m Fig 109 hch r p s nts a film taken in March 
1938 No new mms e taken u 1 1 h s second illness three ) ears 
Itradhev sn perfect 1 ealth and able to work d inn^ thi 
1 te val On Fcbniary 1 1941 he had an acute chill hi i 
1 follov ed b> general malai e burnin" fc r c u h and 
ano On admss n Februarv 5 1941 his temp ratu e was 
104 F the white bio d count was 4r00 v th a niarke 1 shift to 
the left nd the sp turn h wed T)pe III pneuni cocci Subsc 
qi ent roent<T no<Trams r h n in Ficrs 110 111 and 112 
During th sum" tv o and one h If e ks the patient t n 
p ature fluctu ted between n mal and 104 F Sput m v as not 
s ess e as m m i instan c f luntf bscess but t vas not 
n e u e I 

Ope juioii -Oper t n as perf led on F bruarv 2 1941 
c enteen d \s after dmsson C reful observation of the \ >s 
re e 1 d that the I t place t open tl chest as b) resect ne a 
1 rt on f the fourth nd fifth bs betv een the scapula and the 
sp n This \ s therefore done under local esthes a an I about 
8 cm cf 1 th r bs as removed Th intervening mte cost ! 
n cle and th n r e 1 art rv 1\ " below the fourth ib we e 
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Co I $ s 

Althou.,!! the eiiip) cma problem i not as great as it once 
was the mortality is still too high It i probable that this will 
be reduced b\ the closer application of surgical principles t 
the treatment of indnidual cases and the uahzanon of the 
sc\eral new chcmotherapentic agents when rhe\ are indicated 

B bl g phy 
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ABSCESS OF THE LUNG 
HN NH N MOFCS 
Abscess of the lung ts so protean in its manifestations that 
an\ ad ice concerning its treatment must be carefulU 
eifThed before bein" applied to an) particular case 
At the Hear) Ford Hospital w e are consert anv e in appl) 
in<r siirgictl dr Jinjge to acme long bscesses We belie e that 
1 thorou<rli tnal of medical manage nent including post ral 
drainage bronchoscopic dram <re nd neoarsphenanune in 
icctions should be mad first 1 hen dcpendincr on the trend 
of deidtpmenfsandresp nsetofherap) themed cal egin n 
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d ameter hue because of the presence of the I ronchoplc ral fis 
tula the act capacitv \\ as not ascertained 

A dugn SIS f c tc Iste a nade altho gh it nu\ well 
have \ een an en ap ulated r ntr 1 bar entpvciwa The fibrin was 
o attached that sec uM nc c sc) p much of it aw a\ A culture 
s made and a p rt i t tl e fil nn \vis tal en for path lo-^ical 
examin t n Twf large nllcr t le Ira s were inserted and 
\ sel ne gauze spr ad around the edge The patient left the op 
erating ro m m goo I cond t on 
Postoperati e Course— The postoper tve course was unevent 
ful The size ftheca\K\ as not measured because of the bron 
chople al fi tula The patient left th hosp tal three months 1 ter 
and h s now been at work f r five months He is entirely fever 
free h s gained about 0 p nds n ei<»ht and despite the pres 
ence of a sm 11 cav t\ wnh a patent 1 1 nchopleur I fistula i 
e tirelj 11 The cavitv s still d anel Iv a small tube Even 
tuallv muscle graft n<' operation to close the open mz maj be 
mad 

C mm t d S mm y 

While the possibilm arises that this cise nu) represent an 
acute e\acerbation of a chronic abscess there is no positive 
evidence of this The chief lesson to be Icnmed is that under 
certain circumsnnccs prompt drvna^e of a lung abscess maj 
be advisable 

Lung abscess most commonly follows pneumonia impac 
non or foreign bodies in the respiratory tract and operanon 
especially tonsillectomy The bacteriology includes a multi 
plicitv of symbiotic organisms In early cases following pneu 
monia the pneumococcus may temporarily predominate but 
later fusiform bicilli spirochetes and other bacteria are pres 
ent Treatment includes attempts to effect a cure by medical 
measures including drainage and bronchoscopic aspiration 
In many cases sunrical dnimge is necessary Such drainage 
should be performed as early as prssible iftcr medical meas 
ures have been given a fair trial 

B bl 9 phy 
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doubh li"ate I ind remoAcd The b cess \ as close to and aJ 
here t to the chest \s all and as opened into at ts I est point 
It containe I huf^e 1 1 cks of hbnn pus and foul smellm air and 



a br nch plei r 1 fi tul 
q nt n of pu b} n 
s ess thr "h tl si t 
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d meter but because t the presence of die hr ncl pie ral fis 
tula the e\ ct capac tv \\as not ascertained 
A diagrvosi f a utc al sees \ a n ade alth tgl it may ''ell 
ha e f ee 1 an encap u! tctl r ntr 1 b r en p\ em The fibrin "as 
0 atta h d that we cf iild n ts op much < f it a« a\ A culture 
as made and p rt on f the fil nn wa taken t r pathological 
exam n t n Two 1 rge ubler tube drains were inserted and 
va ehne gauze spread around the cd e The patient left the op 
eratin oom in good condition 
Postoperati e Course p stoperati e course \ as unevent 

ful The s 7C of the cavitv was n t measured because of the bron 
chopleural fi tula The patient left the hosp tal three months later 
a d has n v been at work f r five months He is entirch fever 
ft has ga ed about 0 pounds n weight nd. de p te the ores 
ence f a sm 11 ca tj with a patent Tr nchoplcural fistula is 
entrely well Theca rv s tlldramedly a mall tube Even 
tuallv a muscle "r ft n<» oper ti n to close the open g maj be 
male 

C mm t nd S mmary 

\\ hile the possibiliev anses that this case ma> represent an 
acute exacerbation of a chronic abscess there is no positive 
evidence of this The chief lesson to be learned is that under 
certain circumstances prompt dramai^e of a lung abscess maj 
be advisable 

Luno- abscess most commonly follows pneumonia impac 
tion of foreign bodies in the respiratory tract and operauon 
especially tonsillectomy The bactenologv includes a multi 
plicicy of sy mbionc organisms In early cases follow mg pneu 
monia the pneumococcus may temporarily predominate but 
later fusiform bacilli spirochetes and other bacteria are pres 
ent Treatment includes attempts to effect a cure by medical 
measures including draina<re and bronchoscopic aspiration 
In many cases surgical draim^e is necessary Such drainage 
should be performed as eirl\ as possible after medical meas 
ures hav e been giv en i fair trial 
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INFECTIONS OF THE MEDIASTINUM 
LAWRC CES FALLS MO 

■\naiu\i) —The mediastmum which is the rcgi n l)in 
Iwrii cen rite tii o pJcura? sacs is more a porenajJ than a true 
ci\it\ It IS ccupied bj lymph nodes and loose areolar ti sue 
lioth of \s Inch pros ide CTcellent soil for the propjs'auon and 
spread of infection The space is arhitranU divided into two 
p irts an imaginary plane passing from the sternal an le 
intcriorl\ to the lower border of the fourth dorsal vertel ra 
posteriorly at the level of the tracheal bifurcation The upper 
[ art knov n as the superior nredfistiiium contains the aortic 
irch and its branches the supenor veni tava and the mnom 
mate veins and throti^h it pass the trachea the esophatnis tlie 
tin racic duct and both phrenic and v tgus nerv cs The lo v er 
part t f the sp ice is subdiv ided bv the pericardial sac into three 
pt mons know n as the tfwrenor w/e/ijjT/OT/w/ ihivuidi tiieJi 
astmum and the postenor medustinmii 

The antenor mcdustinuti between the pcncardum 
and sternum is the only part not containing important stnic 
turcs This space is of little importance to the surgeon since 
It has no connections with the fasaal space of the neck Acute 
infections occumn<» here are secondary to osteomyelitis of 
the sternum or perforating w ounds of the antenor chest w all 
The middle mcdi'istinum is filled fa\ the heart and pen 
cardium The po tenor mediastinum occupies the space be 
rw een the pencardium md the vertebral column and contains 
the thoracic diet azv‘^os veins esophagus aorta vena ca'a 
and the vamis and svmpatbctic nerves 
1 he supenor and postenor mediastina arc important clime 
allv since I th paces are directh connected by fascial planes 
ith the visccro vascular and prevertebral compartments of 
the neck Tor clinical purposes it is on en ent to consider 
infect ons of the superior mediastinum s c amples of antenor 
mediasnnitis since antenor dranage is possible v hile mfec 
nons belovi the bifumr on of the trachea are trul> posterior 
since collections mav be drained oilv bv posten r medias 

t notomv r , , , 

PvTiloLorv — Mcdi stunl inrectons c nsist of lyrnphaden 
ms \\ hich mav be acute chronic or suppuranv c and phJeg 
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Monous viedustinms which maj be localized diffuse or 
abscess formations 

4cTi£e jjifecfioiis of the mediasutvum appear either as an 
adenitis mvohing the lymph nodes or as a diffuse phlegmon 
im admg the cellular tissue Acute lymphadenitis usually fol 
lows acute infection of the mouth and phar)n\ by di 
rect e\tension through the lymphatics of the retrophary ngeal 
space Streptococcus hemolyticus is a common infecting 
organism 

Diffuse infection of the cellular tissue or diffuse phleg 
monous viednstimui can occur in a similar manner but more 
commonly follow s perforation of the esophagus by a foreign 
body such as a fish oc chicken bone or by instruments 
Case I Mediastimtis Following Dilatation of an Esoph 
AGEAL SrBiCTunE— This tl tt) sevcnycarold \ hite female was 
dmitted to the hosp tal on October 7 19 9 Three weeks carl cr 
he had dru k about 1 pint f a mixture of ly c p nt mixer and 
potass urn petitianii n le She was taken immed ately to a ne rby 
hosp tal vnere g stnc lavage v as done 
On admiss n tl e patient very dehydrated and emaciated 
Sh tated th t she was blc t take soft foods for a week follow 
in<T the ac de c but sine then had been ex sting on 1 quids with 
esulcin 1 ss of /> p d< m weght After t o days of re 
lorative t atn ent dl ration of the stricture vhich x s at the 
1 V el of tl enc id rtila e \ as begun and vas rep ated si 

t mes at fi e day mt rval Folio ng the seventh dlatation the 

p t ent de 1 ped s b ternal p n The ten perature pulse nd 

h te blood c unt r s ^rad i Uy and altered phys cal si ns ap 

pc r d in th ht ch t Nine d ys late the pat nc died and an 

aut p V sh( d scarr n and stenosis f the e opha^us at the 
lev el of the cr d w th an ulcerauon through the \ all 5 cm 
I el \ A larg ediastmal abscess as present nd th opened 
tl i gl mis to the r It pic al c t\ 

1 lie breal in dc w n of carcinomas of the esophagus trachea 
r main 1 ronclnis has also resulted in infection of the medias 
tinuni Infection m the retroperitoneal space secondary to 
[ entomtis may spread upwar 1 and im olv e the posterior medi 
1 tinum Lung abscess purulent bronchopneumonia and osteo 
i\eht s of the nbs sternum and vertebrae are rare etiologic 
fvetors in the development of mediastinitis Metastatic infec 
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tNFECTtONS OF THE MEDIASTtNUM 
LAWRENCE FAULI Mp 

A\vium\ — Ilic incdiastinum ^»hIch is thi. r«.t,ion Ivai 
(utM ccn the t\\ o pleural sacs is more a potential than a true 
(.a\ Jt\ It IS occupied by mph nodes and loose areolar tissue 
Iioth of which proMtle excellent soil for the propa'^Qon and 
spread of infection TTic space is arbitranlv dnided into n o 
j irts In an imaginaO plane pissmg from the sterna! an le 
anterif rl\ to the low er border of the f lurth dorsal \ ertebn 
p jstcriorJv at the le\ e! of the tracheal hifurcatic n The upper 
} art know n as the superior tnedustimnii contains the ionic 
irch and its branches the superior \ena cava and the innom 
initc V cins inti throuf»h it pass the tnehea the esophagus the 
th iracic duct and both phrenic and ngus nencs The huer 
{ irt of the space is subdivided bv the pcncardial sac into three 
f irtion kno ms the trifenorrwdurtimivf the vi'^dlei'iedi 
astim HI and the posterior nicdmumU'i 
The antenor mediastmuni King between the pcncardmit 
and sternum is the onI> part not containing important stnic 
tures This space is of little importance to the surgeon since 
it has no connections w ifh the fascial space of the neck Acute 
nfcctions occumn here are secondar, to osteomvehtis of 
the sternum or perf antmo' wound> of the anterior chest wall 
The middle medmtinum >s filled b) the heart and pen 
cardiuni The posterior mednstinum occupies the s/ ace be 
tw cen the pericardium a id the v errebral column and contains 
the thora ic duct azvgo veins esophagus aorta icna ca a 
an! the la^ni and svntpathctic nerves 
The supenor and p istcnor mediasnna arc important clinic 
alh since both spaces are directly connected bs fascial planes 
V ith the iscero v scular and prev errebral compartments of 
the ncck For dm cal purposes t is con enient to consider 
infections of the superior mediasonum as examples of anteno 
mediasnnins s nee anterior drainif^c is possible while mfee 
nons belo ' the bifurcaoon if the trache are truly posterior 
since collections ma\ be drained onH bv po teno medias 
tmotomv , , f , , j 

PxTHororx —Mediastinal mfcctons consist or lyinphaaen 
iM which ma\ be acute chrome or suppurative and phleg 
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dosage to 1 ccp the blood le\cl between 10 mg and 15 mg 
per 100 cc irc all indicated Intravenous iieoarspheiuiiniie 
should be added m cases secondvr) to esophageal perforation 
to tombac infection from the flora of the mouth 

Surgical dniiiige should l>c undertaken immediatel) in all 
cases of esophagenl injurj without waiting for the develop 
ment of evidence of neck or tnedivscinal involvement lit other 
words operation is mdicnied even though the patient should 
be sjTiiptom free Prompt exposure of the site of injury m 
the esopiiagus prevents spread of infection bj promoting free 
drainage Lesions ahov e the bifurcation of the rrachea t e 
abov e the lev cl of the fourth dors-il v ertebra arc accessible t > 
an anterior approach while lesions below the level arc ac 
cessiblc onlj h) posterior mednstmotom) except the nre 
cases of anicomical anterior mednstinitis 

Anterior vtcdnstimtoiiiv is performed through in incision 
along the anterior border of the lower third of the srer 
nomastoid muscle The strap muscles are retracted medialh 
and the stcrnomastoid is pulled laterally The thjroid gland 
» dislocated inward after ligating the lateral veins of Kocher 
and the carotid sheath and contents are displaced outward 
to pcnnic entrance to the rctroviscerjl space 

Posterior iitcdiastmotoniv is a much more fomiulable pro 
cedurc for it involves resection of paravertebral segments of 
tw o or three ribs after cxict localizanon of the abscess Great 
care must be exercised to avoid entenng the pleural cavit) 
though this IS often difficult to achieve except b\ a two stage 
operation 

S mm ry 

1 The stud) of mednstinitis is simplified if the older ana 
tomic div isions are abandoned and the regif n is div ided into 
amen r and pistcnor compirtments on the basis of surgical 
approach 

The role of traumitic perforation of the esophagus in 
the ctnl uv of laite mednstmim is illustrarel bv a tvpical 
case report 

3 The value of prompt siirnical intenenri n in traumatic 
perf irati n of the esc pha<»us is stre sed 
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tjon from a djsranr focus hjs been recorded Fadj three 
fourths of all examples of acute nicdustimtis folIo\ infec 
nons of the phirjax and perforations of the esophagus 
Clinical hEAxuREs — Onl) fulminating cases of acute medi 
astinius present the classical signs and symptoms of ner 
elming toxerwa uirh recurrent chiJs and feter In severe 
and moderately sev ere cases dyspi agtj and dyspnea are the 
outstanding sy mptoms. Other signs of mediastmal infection 
are pain m the chest tesiderness on percussion of the spine 
and spelling in the nech Cyanosis and other signs of inter 
fercnce with circulation ate rate except w hen the anatomical 
antenor mediastinum is inv oh cd Pneumoniris pleunns and 
empyema maj be the onl) dia<niosficeyidenccofmediasnmns 
m obscure cases especially v hen there is no obMOus source 
of onmn 

Onx ray cxaminiuott « idenm'' of the med/Jsrinufn; lalu 
able evidence in suspected cases Abscesses produce globular 
shadoyy and occasionally a fluid level Subcutaneous emphys 
eiin follovving esophageal injury is presumptne eyidence of 
mediastinal infecti n Collccti ns m the retrovisceral com 
pamnenr tend to push the trachea forward rather than to 
cause lateral dcyianon 

Diagnosis —The d j'mosis of iiiednstinit s depends largely 
fi an anrecedent hiscon of the e istcnce of conditions w hich 
nnehc be followed by infect on of the mediastinum Trau 
matic perforation of the cs phagus and infcctic n of the fi cial 
spaces of the neck are ctioh <»ic fictors in fully 75 per cent of 
mediastinal infcctic ns Pos me physicil s i^ns may be v antint' 
but tenderness in the neck or over the spine depending on the 
lo ition of the infecti n can usually be elicited Dysphagia 
and d\ j nea are fairly co stanr si'ms \ ray si^^ns of medias 
final vvademn*’ or hsioc t n f the tra he p dc mUi ble 
confirmatory c 1 1 n c 

T tm t 

Infection f the nc li timm h idd I c t cit la nfee 
tions else V here Thee le pcrarcly llpitent c]u c pr iiij t 
ind encigetic treum c Bhoi transfusion rep ate 1 loiIy 
vitartcnancc of flu / / dance n 1 si Ifamla ie m suffic enr 
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b\MPio\is> —Since pericarditis is secondary to disease pro 
cess elsewhere in most instances the symptoms will be more 
or less masked by those of the pnniary disease The chief 
s\ mptoms are those of sepsis with cardiac embarrassment and 
dyspnea The pulse is thready the pulse pressure low The 
area of cardiac dullness is increased Tlie heart sounds may be 
cither diminshcd or increased depending on the position of 
the heart and relation to the effusion A fnction rub may be 
present 

Divgnqsis —The diagnosis of pericarditis can be made if the 
climcian is alert m the conditions which may produce it The 
rnentgenogravi is of great \alue if the effusion is large The 
ph) sical findings are not constant How ev er m the course of 
pneumonia ernpjema or other conditions commonly asso 
elated with pericarditis frequent examinations of the heart 
and roentgenograms w ill usually make the diagnosis possible 

T fme t 

Surgical dnimge of the pericardium should be carried out 
( romptlj Drainage may be effected through the costal car 
tilages on either side of the sternum or through the sternum 
Itself From one to three costal cartilages may be removed 

I refcrabl) the fifth and sixth on the left Saline irrigation of 
the pericardium may be earned out postopcratnclj 

In ninety nine cases reported by Shipley and Winslow in 
which open drainage was earned out forty rune patients re 
entered forty six died and the outcome was not mentioned 
m four instances Trucsdale collected 152 cases in which 
drainage tns followed by recotety in 58 per cent 

The siilfoiivinde irugs may prove to be of great value in 
the treatment of pericarditis and should be used m most cases 
The suUommide selected should depend on the organism cu! 
nired as m the treatment of other infections Sulfamlamide is 
indicated m hcmolttic streptococcus infection sulfapyndine 

I I pneumococcal infection and sulfithiazole in the staphylo 
toccal infections 

Actii c supporti c measures such as blood transfusion pat 
enteral flui Is and oxy gen will be necessarv m most cases 
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ACUTE SUPPURATIVE PERICARDITIS 
C H WA WORT MO 

Acute suppuratne pericarditis is an acute inflammation of 
the pericardium dunng the course of which a purulent evu 
date collects within the pericardial ca\it\ 

Ltioi oca —Pericarditis is j robahK ne cr a pnmar) disease 
The most frequent source of the mfecnon is pneumonia of 
empjema Man\ cases are seen \ hich result from metastatiu 
infection from discanr sites os in osteomi elms tonsillitis and 
ibsecsscs in onous iocatiuits \ (t instances result from gun 
shot and knife w ound of the j cntirdium 
The organisms most coinn oal> cultured from the exudate 
are the pneumococcus staph\ lococcus and streptococcus 
Other organisms such is the mfluenzi bacillus and vanous 
t,r3ni negative bacilli arc seen but rarclv 

Morbid —In pericarditis the c\udate vines from 

1 few drams to two I tcre The exudate in » Jarf'e number of 
cases accumulates beh nd the heart pressing it hrmh against 
the antenor chest v all F r th s reasi n d mioscic punc 
ture mat be harirdcni:. 

The embarrassment to heart act on jepend on the n js i 
intTJpcriCJrduI presutre and the rtpid n \ rl hich this 
develois The effusion exerts pressure b th on the thin illcd 
aunclw and the ssels at the base of the linn particularly 
the supenor vena cava 
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S\MPio\is— Since pericarditis is secondary to disease pro 
cess elsewhere in most instances the symptoms will be more 
or less masked by those of the primary disease The chief 
s\ mptoms are those of sepsis with cardiac embarrassment and 
iyspnea The pulse is thready the pulse pressure low The 
area of cardiac dullness is increased The heart sounds may be 
either diminshed or increased depending on the position of 
the heart and relation to the effusion A fncuon rub may be 
present 

Diagnosis —1 he diagnosis of pcncarditis can be made if the 
chmcian is alert m the conditions which may produce it The 
rDenigciJograiH is of great \aluc if the effusion is large The 
phy sical findings arc not constant However m the course of 
pneumonia empyema or other condmons commonly asso 
ciatcd with pencardicis frequent examinations of the heart 
and roentgenograms will usually make the diagnosis possible 

T e tm* t 

fnijwge of the pericardium should be earned out 
promptly Drainage may be effected through the costal car 
tibces on cither side of the sternum or through the sternum 
itself From one to three costal cartilages may be removed 
preferably the fifth and smh on the left Saline irrigation of 
the pericardium ma\ be earned out postopcrativ cly 

In ninety nine cases reported b\ Shipley and Wmslow in 
w Inch open drainage w as earned out forty mne patients re 
co\ ered forty si\ died and the outcome w as not mentioned 
in four instances Traesdale collected IS"* cases m which 
driinage was followed by recovery m 58 per cent 

The sulfoiivntde inigs mav prove to be of great value m 
die treatment of pericarditis and should be used in most cases 
The sulfonamide selected should depend on the organism cul 
rured as in the treatment of other infections Sulfanilamide is 
indicated in hemol\ tic streptococcus infection sulfapv ridine 
1 1 pncumococcil infection and sulfathiazole in the staphylo 
coccal infections 

Activ e supportiv c measures such as blood transfusion par 
enteral fluids and oxygen will be necessary in most cases 



434 


RO\ D M CLtRE 


Case Rep rts 

CaSF I \CUH. bCRPLH-lTne PfRICWDins lot.) I G P Fl 
MOVL\ Tbfatment b\ StKCicH- Dr-Ais vcE — TTi s ptent a 
c\\cl ejear-oldl \ \as hosp tali7cd < n Apr I 30 1941 Fort 
and one h If ceks 1 efore dm ssion to the ho p tal he had b n 
confined to bed at home ith cou h a d h h fetcr His fan I 
ph) s Clan had diatjno ed pneumo i and had treated th bo\ 
tjth one of the suifomtmde dm<^ He bad been con alescn 
sati factonls t hen, on \prd 4 he comp] ned f p n n the 
shoulder was dv pneic ind \ pp ehens e \ ia osis f 
purulent per rd t as made and a p ncardial cap as don 
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Fg 114 (Ca IJ -S b d f h pc d f p ^ S 
bldraf ns )g bp Jh hrap 

t ithdra n" 1000 f p ml t fl d Th rcl d the s\ p- 
to IS f r t\ enn four h ur bi t t chc pir t n f th t pen d 
thev ten m d tl c di t I pre o th f 11 pi pres 
sure a d anoth t p \ Id d 1000 cc of p s H as rl c 
ferred to the h p t 1 f r rg c I dr n e 

On xam t n t the h pit 1 the p nent II de 1 

oped bo} of n el e h ppear d r t c Uv !l I h r p ru 
as 103 F a d the H od pre sure n m f n \ as 1 5 
St fol c nd 90 d « J The 1 sh d fl d 1 th de f 

XV g n D J h A1 I d D r m II gli / 
(i V rsin f M h ga f b P«nn se h iC iscs 
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clest Tie heart soinl were >er\ imiffled and theic as no 
friction mb 1 he heart a as greatlv oal rijed n ! 1 v x ra\ 
show ed the tv pical w atet botde shape (Sctii'- 113)\»ap al 
mpulse as palpable The neck vein v ere llated tic ve 
pressure elevated t lSO-160 mm rf alme Tie liver wa n 
lar<^e i a hand sir Itl bel the c tal n ri,in I t w a not 
tender Per card 1 tap done the dav follow mg adm ssion yielde 1 
4 5 cc of pale cloudj fluid Culture shewed anhem Ivtic 
streptococcus 

Three da\ s fter adm ssion open drama e w as earned out 
Under local anesches a an incision was made aloncr the left border 
of the stcrni m and the fifll costal c rtda<Te as resected The 
pencardum was op ned and sutured to the muscle fascia T\ o 
c garettc dram with the gauze removed were placed one to the 
posterior recess and one tov ard the ape and these dr ined pus 
profusely postQpetativelv The p st pcrative course was stormv 
rlood transfusions ox\ gen and sulfathia ole w ere used Irrigation 
( f the p r ca d um vs carr ed o it datlv On Julv 1 cat! eter 
Iramage of emp)e a n the left chest was done The p ticnts 
condtim improved f II nij thi Dra s ere removed fron 
the pericardium three month p stoperauvelv and the sinus tracts 
healed rapidlv The p tient v as dscharged on Au<nist "’4 1941 
F "ure 114 sno s the heart shad w after subsidence of the pen 
carditis 

Cesn II AcuTt StppoEctivc Pumcv ot is C plc ting Os 
TE o lYELiTis 0 Femur Repected Aspirctions vnd Sulfctiii 
AZOLF Therapv — T1 t n V c f old I o\ v s hosp t 1 ed on 

March 1 1941 Four davsb fo e dm si n he had had an acute 
nset of pa n n the «»ht th qh th fev r On admission tern 
pe ature v s 10’ 4 F the th gh red and s lien A diagnos s of 
osteomv elitis of the right fern r was m d nd sulfath zole v as 
St Tt d mmediatclv On Mardi 4 surgical dra naf^e of the n ht 
femur s d e O the m daj a I ud per c rd al f ct on rub 
heard and x rav films r iled enlargeme t of the heart 
shado (F 115) A d 3«m ss of suppurative pencard ti \ as 
made and asp r ti n v Id d pis from hich Staphvl c ecus 
r u a cultu ed 

Tlie pencard 1 s c as a pirated repeat dlv f 11 vvincr th s and 
s If tl I q V e I V moud a I mt a en slv The sulfath a ole 
le el of tl e bio d d nn*^ tl c acute sta s Kept I etv een 3 
and 5 m<. pet 100 cc Oi Aprl 1 the Ic el of the ulf th.Mie 
I. tl p ca d al fit d vat ) mo pet 100 cc On April 11 the 
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less The trcitmcnt IS swn»icjl with Iramif'c of the pcncar inl 
1 C It the earliest po'sible tune Thciiumhts is ipj ro imirch 
{ cr cent with surticil lninat»c TIic sulfoniniJ dnif^ 
cu c j romi c of I cm" cfTccm c m tins con htion V ca c treite 1 
with siiltathnrolc inJ rcpcired ispiriti ns i repined is well 
IS one in Inch iimcil dn n»" wi lone 
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SURGICAL INFECTIONS OF THE PERITONEUM 

WILLIAM A ALTEMEIER MDf 

Infections of the peritoneum still represent a problem of 
tlie first magnitude m general surgery and the large number 
of papers published each year on this subject indicates the 
widespread interest m this unsolved problem \lthough the 
pathologj and clinical pictures are « ell recognized rhe v aned 
etiflogj phjsiolog) and chemistrj, are bewildering and little 
understood There is probably no other condition in general 
sur<rerj whose successful management so commonly taxes the 
diagnostic ability judgment knowledge operatne technic 
and resourcefulness of the surgeon 


ETIOLOGY 


All inflammations of the peritoneum hav c been classed as 
peritonitis Aseptic peritonitis occurs tfter external mechanical 
violence or internal trauma by chemical antiseptics and ex 
travasationsofbile urine blood pancreanc secretions or con 
tents of ruptured c) sts Septic peritonitis has a bacteria! etiol 
og) and ciinicallj is of the greatest surgical import In this 
paper only septic peritonitis \ ill be discussed Sixty twr years 
icTQ Graw itz pointed out that there are two mam types of septic 
penronitis a prvmry r>/>e which apparently arises as a disease 
entity itself being relatively nrc and not dependent upon 
preceding intra abdominal disease and a seconiary type 
which IS commonly seen compheatmg the various lesions of 
the intra abdominal organs or tissues 

Primarv Tv PE —The primary type has a monomicrobic 
etiology being caused by pneumococcus or hemoly tic strep 
cococcus The route of sprcid is rarely demonstrable and it is 
often n n definiteU hnowTi \ hether these organisms reach 
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ptrcjrJjr Jj dsuf itJed SalfaA i£ le ascononaftfonf / U ; 
rhe osteon \ cl n pr rcssed until a septic anhr ti fi d been 
produced m the n ht h p and then slowlv sub lied The panmt 
t as di char e J on \ enter H 1941 F^wr JJr b the 
roent en app-arjrte after ill idenc fpenc^rln 
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Acute suppurafii e pencait/ios can be dismiosed more Ire 
qucntl\ if the clinician is alert ft is important that it be diJ'^ 
nosed since inthout proper mma^cinenf the outlook is hope 
kss The crearment is sun^/cal inth druinae^e of rhe pencardul 
SIC at the earliest possible time The morrahtt is approtimar h 
^0 per cent ith surmcaJ dram "c The sulfonam dc dni'^ 
i; le promi e of bem? effect! e tn this condition \c3Setreated 
\ tth sulfjthiazole and repeated aspirat ons is reported as n ell 
PS one in n hich sumcal drama*^ as done 
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tile peritoneal cavity through the blood stream mediastinal 
and retropleural Ij mpharics intact intestinal w ill rctroper 
itoneal lymph nodes or the fallopun tubes 
Secondvrv Tvpe— The sccondiary type is usually i poly 
microbic disease and the bactem enter the peritoneal cavitv 
commonly through i perforation or i compromised wall of 
an mtra abdominal v iscus The most important sources of this 
[ ind of pentomtis are inflammations and injuries of the gastro 
intestinal tract and the most common single factor in its 
production is icute inflammation of the appendix Other com 
mon gjstrt intestinal causes are perforation of a peptic ulcer 
perforation of the gallbladder perforation of intestinal ulcer 
such IS tuberculous or typhoid traumatic perforation of the 
intestine acute pincrcatms acute diverticulitis areas of ne 
crosib due to volvulus strangulation or intussusception of the 
bovv el and occasionally sloughing of a malignant tumor 
Another frequent source of secondary peritonitis is disease 
or injury of the female gemtal tract Septic abortion puerperal 
sepsis gone rrheal svlpingms tnuma during parturition cu 
rettage or induced abonion and occasionally spontaneous 
rupture of cubo ov anan abscess arc sources of peritonitis sec 
ondary to lesions of the female genital tract 
In the male injuries or suppurating lesions of the prostate 
and seminal vesicles occasionally produce pentomtis Lesions 
of the unnarv tract including injunes or purulent infections 
of the ki fney are less important causes of secondary pentomtis 
Other important tv'pes of sec ndarv peritonitis arc post 
operative infection caused bv operative contamination of the 
pentonenm sponges or forcjon bodies left in the peritoneal 
cavity leal a^e al out the suture line of an anastomosis con 
tinuation or spread f penton m for vv Inch the operation vv as 
inginiiiv done and tid erculou infection Perforatin_, wounds 
of the abdominal w all v ithout puncture of an intn abdominal 
viscus IS 1 much less important source of pentomtis 

PATHOGENESIS 

The nor ml per t net m pos. essts surprising natural powers 
vt tesistvncc to mfectum Amonq expcnmenial workers it is 
a w eli known fact that it is difficult to produce fatal peritonitis 
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b) Itself IS capable of producing inild peritoneal reaction 
Altemeier found that the sirulence of the aerobic bacteria 
associated tilth appendicitis peniomtis particular!) B coh 
could be greatU increased b\ the coincident infection througli 
a large bore needle of mani pirucles of autoclaved stenlc 
tissue For example if an avirulenc scram of B coli was m 
jected along with man\ fine pieces of tutoclaved brain or 
muscle tissue peritorutis imanably occurred 
It repeated or consttnt sotlmg occurs such as that produced 
b) an unrepaire 1 rupture of the intestine or a leaking anasto 
niotic suture line the peritoneum is unable to withstand bac 
tenal attacl The sevent\ and extent of peritonitis secondarv 
to spontaneous or traumatic perforations of the gastro intes 
tinal tract var\ not onW with the size of the opening and its 
duration but also with its location Mclcncy and Kis asso 
ciates noted that the rnortalit) rate with small mtestjntl 
pecfontion was much tjieater than with Urge intestinal perfot 
ation and emphasized the importance of two f ictors the irntat 
mg effect of digestive fluids of the small mtesime and the 
greater v labilitv if the bacteria in the small intestine Tavel 
and Latvi made similar observations and believed that the 
more fluid content and greater motihtv of the small intestine 
favored the greater spread of an\ soiUge Bergh Bowers and 
Wangensteen and Schmidt Cuern Hidde and Adashek 
confirmed the observation that the lower ileal region is the 
nost infective part of the gastro intestinal tract Altemeier 
cited Kendall s statement that the ileocecal region is the cul 
fural medium and incubator in w hich bacterial crow th exceeds 
in both iniensitv and complcxit) that of anv 1 nowm medium 
The all aline contents rich in proteins and carbohv drates in 
solution are particularly suited for bactenal life and the rela 
tu e slowness w ith w hich food passes through the intestines at 
this If wer !e el favors continued bacterial growth If the re 
ictiv e pow ers ot the peritoneum become depressed b\ disease 
r p If r ceneral c mdition its suscepnbihtv to infection is in 
ere sed If the virulence of the individual strain of bacteria is 
reUtucK great infection will also occur 

An tl er and pmbablv v trv unporonr factor in the produc 
tion of secondarv pcntonitis is the synergistic or cuvmhn e 
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\uth pure cultures of those bactena usualh found associated 
with peritonitis unless e\cessi\e amounts of the culture arc 
used Halsted working cvith the Staph) lococcus aureus 
found that dogs did not decelop peritonitis when a bouillon 
culture of this bacterium was introduced into the peritoneal 
ca\ir\ Benians was able to inject intrapentoneallv into tab 
bits ■’f 00 million In mg B coli from a cw ent) four hour cul 
ture in saline suspension with no obsious lU effects nor an\ 
abnftmalin in the pentoneal ca\it) bc) ond slight injection 
Steinbenr cited the mabibn of imesairators to produce a fatal 
peritonitis h\ injections of saline suspensions of B cob 
Bchrcndt* was unable to produce pentonius in ammals b) the 
injection of bacteria unless his animals w ere m poor condition 
•\fter stud) mg the bactcnal flora of the pentoneal exudate 
of 100 cases of peritonitis secondai) to appendicitis -Vlte 
meier found that the great majonn of both aerobes and 
anaerobes isolated from these cases failed to produce fata! 
pemonitis when pure cultures were mjected into gumea pi s 
and nbbits All the e\ idence pointed to the fact that the mere 
presence of single strains of bactena m the health) pentoneal 
ca\ It) usuall) does not cause penroiutis 
There are additional factors neecssat) for the dci elop nenc 
of pentonius in presence of comamtaanon If the pcrMttcum 
is injured or devitih^d b) irntants Lwaturcs foreign bodies 
gastro intestinal 602)71105 bactcnal toxins or trauma infec 
non xnll occur in the presence of bactena After failing to 
produce peritonitis in dogs b) mcrelv instilling bouillon cul 
turcs into the pentoneal ca\it\ Halsted showed that the 
coincident introducoon of a small piece of potato or the 
strangulation of a small portion of the omentum frequentiv 
resulted in peritonitis Similar]) Benians found it necessarv 
to inject B coli suspended in gum tragacanth to cause pent 
onins Sternberg and GoldWatt adopted this method of in 
jecun" a mim trao-acanth suspension of living B coli to pr 
duce penton tis Ret^rdlcss of its action whether it protects 
the bactena from the protecn e po ess of the pentooeuni 
as on^mall) thou<^ht b\ Benians or 1 hether it successfulh 
retains the b ctena ithin the pentoneal cavic) as believed b) 
Stembertf gum trac^ac nth is essentiallv a fore m bod) which 
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pentonitii and the reader is referred to articles b\ Melenej 
Altenieier^ and Bouer for a resume of the works reported 
m the literature upon this subject 

S mm ry f F ct Con n g Bo ter logy of P io t 

It IS obvious that there is still considerable confusion con 
teming the individual tonsntuents of the bacterial flora of 
secondary peritonitis The variations m different studies sug 
gest some geographic differences m bacterial flora but certain 
ticts concermnjj the etiology of pentoniiis seem to be well 
established 

1 Regardless of the pnmary etiology of the lesion of the 
gastro intestinal tract once perforation has occurred the num 
her and variety of bacteria resident in that region of the tract 
'tUI contaminate and infect the peritoneal cavity 

2 For this reason the bacterial flora of these cases presents 
a very complicated and biearre picture Among the aerobes 
recovered by Altemeier were B coli streptococci B pseudo 
diphtheriae scaphy lococci B lactis aerogenes B proteus B 
alkaligenes B subtilis and B mesentencus and among the 
tnaero^erwercB meianinogemtum streptococci gram nega 
tive diplococci B thetudes B fragilis and members of the 
clostndmm group In Meleneys senes the average case pre 
sented from rw o to as many as si\ different strains of micro 
organisms Of the t venty three different species isolated bv 
lumB coll the green producing streptococcus and Cl welchii 
were the most common In Altemeier s senes it was found that 
three or more species were recovered from ninety six of the 
one hundred case of acute perforated appendicitis and five 
or more species from fifty oi the cases Occasionallv as many 
asse en w ere recovered I er\ pentomtic exudate which was 
carefully mv esticated bacieno! igically yielded at least one 
bacterium and m no instance \ as an entirely negativ e culture 
obtained Sixteen d fferent pccies of lerobic micro organisms 
ind eighteen if anicr bit micro organisms were lescnbed in 
the pun lent exudates r ken fr lithe immediate vicinity of the 
I erfe r tc 1 aj I cndi c BiciIIus coli aerobic strei tococci B 
J5 IJiiin cci icum and nmcnbic streptococci were most fre 
yuentiv i olatcd 
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action of the numerous mtesnail bactcm growioff in nm 
biosis Later this fictorwill be funhcr di cuicJ 

bacteriolocy 

As has been mentioned prci I uslv the priiiur) pentomnJes 
are monomicrobic infections cau ed iisuall) b\ either the 
hcmol^ tic streptococcus or the pneumococcus ind ire rcb 
tueJj rare 

Insecondar\ pentomns hmmer theetiolof^ is much m re 
often of po/^7/Htro/ If origin lnrheearl\ studies of pentomtis 
a misleading impression obtained that secondai^ penton 
itis Mas usualh caused bv the B cob or the nonhemol>nc 
streptococcus The reasons for this conclusion ire casth un 
derstandahle On^inillt onit aerobic cultures \\ ere made and 
m fact toda\ this t$ still the practice m nun\ hospital 
throughout the countn The failure to understand the pamal 
tension or anaerobic requirements of mans bicteru and the 
special media neccssars for gro th of the more delicate hac 
tens naruralls reduces the posin e cultures to onh the more 
easils gross ing and hearts strains of aerobic bactena. Another 
presalcnt pnctice sshich his greatls retardel the studs of 
the bactcnal fl ra consists of taking a spec men of the pent 
oncal exudate at the operating tabic and then alio nn^ se eral 
hours to elapse before its inoculation into appropriate medn 
This penults dr)nn«^ of the specimen from c ntinued e •positre 
to the air and results m death of the less hards aerobes and 
nonsponilanno' anaerobes This practice is responsible for 
mans false ncgatis cs or incompl tc reports Unless the spcci 
men is promptly placed npon su r ble media the result are 
of limited salue 

In pentomtis secondar\ to nonperforating lesions the pent 
oneal fluid mas be stenle but it is a ell established fact that 
when the intestinal stall becom s de itahred thro '^h injurs 
or impaired circulation bacrcrial <nx)\ th mas extend throu<»h 
the s ■all in the absence of cross perforation In pento ins sec 
ondars to perforat e I sions of the gastro inte rmal tract and 
Its appendages careful c amination not onis rc als po tu e 
bactcnal gro th bur msriads of bictem of n o or more dif 
ferent strains Mans 1 fferenr peaes has c been i lated from 
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pcmorutis and the reader is referred to articles bj Mclency ® 
Ahemcier and Bo\t er ‘ for a resume of the w orl s reported 
in the literature upon this subject 

S mmary f Facts Co e n g 8a t ol gy of P to t$ 

It IS obvious that there is still considerable confusion con 
ceming the individual constituents of the bacterial flora of 
secondar) peritomns The vanitions in different studies su|, 
gest some ceoffraphic differences in baettna! flora but certain 
tacts concerning the etiologv of pentonitis seem to be well 

established 

I Regardless of the pnmaiy eaologv of the lesion of the 
gastro intestinal tract once perforation has occurred the num 
her and variet\ of bacteria resident m that region of the tract 
'vill contaminate and infect the peritoneal cavi^ 

^ For this reason the bacterial flora of these cases presents 
a vet) complicated and bizarre picture Among the aerobes 
recovered b) AUemeicr were B cob streptococci B pseudo 
diphthenae staphv lococci B lactis aerogenes B proteus B 
alkaligenes B suotihs and B meseniencus and among the 
rmerobes w ere B meJaninogcnicum streptococci gram nega 
tive diplococci B thetoides B fragiiis and members of the 
clobtndium group In Melenej s senes the av erage case pre 
seated from tvv o to as manv as si\ different strains of micro 
organisms Of the twenty three different species isolated bj 
himB coll the green producing streptococcus and C! welchii 
w ere the most common In Altemeier s senes it w as found that 
three or more species were recovered from ninety six of the 
one hundred cases of acute perforated appendicitis and five 
or more species from hftj of the cases Occasionally as many 
as seven ere recovered Every pentonitic exudate which was 
carefully investigated bactenologicalJy yielded at least one 
bacterium and in n > m tin e w vs an entirely negative culture 
obtained Sixteen different species of aerobic micro organisms 
ind eighteen f in cr bi micro organisms were described m 
thenurulci t exudates ttken f« mthe immediate vicinity of the 
perfor ted ay \ end ce liacillus coli aerobic streptococci B 
mclaninogc ucum ind anaerobic streptococci were most fre 
quentlv is( latcd 
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With better meins of anaerobic cultivanon the anaerobic 
flora of secondar\ penconitis is becoming more prominent 
Recentlj the black pigment producing anaerobe B Hze/j» 
tnogemcum has been described for the hrst time in secondary 
peritonitis Jt is usuallv found groMintr m \crj close asso 
elation with the anaerobic or facultative anaerobic streptococ 
cus from w hich it is separated vnth great difficult) Consistent 
detection of this organism is only piKsible w hen the specimen 
is moculated into appropnarc media immediatcl) or within 
five to ten minutes after it is taken Its importance is not 
know-n 

3 The rnorc chnicaHj severe cases of acute secondary 
pentonitis occur most frcqucntlv m those ha\in(» ti-o orviore 
infecting organisms Alelenc) lound the disease worse m al 
most ever) respect when more than one bacterium was pres 
enr Alremeier^ found the most sci ere cases had B e or more 
mfecting micro organisms and in no instance did a case from 
winch onl> one bactenum was recovered, terminate fatally 
This fact IS of considerable pro*mostic importance \Ielene\ 
and his associates found that when smears of peritoneal fluid 
show no organisms and cultures yield no grow th or few er 
species appear in culture than were seen on smcir the pro" 
nosis is vcr\ good The percentage of mnrtalit) increases 
mpidl) w hen more than one organ sm is seen n sm ar or is 
"row n out in culture 

4 Lssentiallv the san e organisms can be isolated fn m as 
sociatcd secondir) or metsstatic abscesses in remote areas of 
the bod) 

5 The ascription f the average case of penronits to the 
unaided acavitv of B cob or other sintjle stnins seems to be 
V ithout sufficient justihcation 

6 The great mi)ont\ of these 1 actena ill nor produ c i 
fatal penromris i hen in;cctcf m pure culture in espenmentaf 
mtmals unless in tc lire 1 in Un»c imounts or alnn" itl 
levicabzed tissue 

7 These bacteria s cm t e\ st in the nt st ml content in i 
peritoneal t i dire n state of svmbios s 

8 \ definite s\ nertrist c r cumulati e path ge i c a tion 
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<f these organisms growin^ m s\mbiosis has been demon 
srrated in expenmental anim'js by Melenc) and his associates 
and Altemeier '* 

9 The experiments of Weinbeq, Prevot Davesne and 
Renard ® of Alelenev Olpp Hane) and Jem ^ and of Alte 
meiet* indicate that perifonitts secondary to appendicitis 
is a polymicrobic disease caused by the synergistic pntho 
t'enic action of a group of symbiotic bacteria It appears that 
slightly or apparently nonpathogeme micro organisms may 
play an important part m the course of the peritonitis by m 
creasing the \urulence of the bacteria Mith which they are 
associated 

10 Peritomtis secondary to the escape of bile or gastric 
duodenal pnees is principally chemical in nature during the 
first eight to tweUe hours rhereafter infection ilmost m 
V iriably appears as an accompanying feature 

1 1 The correlation of clinical and experimental investiga 
tion shows that in general the greater the number of m 
lestinal bacterial species actaely growing in the peritoneal 
exudate the greater the seventy of the pentoneal infection is 
likely to be 

Impo tacefAd bs P t ts 

The importance of the anaerobes in pentonitis is not clear 
Weinberg and his associates di\ ided all inv estigations on the 
bacteriologic flora of appendicitis pnor to theirs into three 
periods In the hrst aerobic organisms alone were isohted 
in the second the anaerobic bacteria were given the chief role 
and finally m the third efforts were made to determine the 
role play ed by each organism found m the complex flora At 
the present time we may add a fourth period in which the 
pathogeme action of the various oigantsms is being determined 
collectively as well as individually Melenev has found that 
the presence of Q wclchii per se m the pentonitic exudate 
does not increase the seventy of the infection Likewise the 
expenments of Altemeier indicate that the presence of other 
ndividual strains of anaerobic bacteria such as B melanin 
Oj^emeum anaerobic streptococci B thetoides B fragilis and 
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( thcr me iihers of the closcndtum group do not per c inJi 
c ire a gra\ er progn si Usually tJ e cotlecu e action of re 
cn! strains seems to be the imp rtant patln ^emc factor 
One propertN of mam of the anaerobes is the abilici to 
ittack and tear down natixe proteins xnth the produenon of 
xanous foul oiors In fact the prexalent idea that the R coli 
IS rcsponsil le for the chinictensnc foul odor of peritonitis 
secondarj to perforation of the appendtt or intestine is er 
roneous Theft colihx itself is unable to attack natixe human 
proteins It can and does break doxxTi split protein products 
such as peptone and trj’ptonc to produce indole Pure indole 
does not hax e a putrid odor but has tn fact an aromatic odor 
Cases of pentonitis max haxe the charactcnsoc foul odor m 
the absence of B cob 

In 1938 AltemcieH studied the ahilitx of B coli to pro- 
duce a putrid odor xxhen cro'^Ti upon sterile human pus ind 
found that no foul odor resulted although a xerx t'ood ('roxxth 
of rhe bacterium x as obtained On the other hand hen 
similar pus xxas inoculated xxith B melan no^nicum and 
the anaerobic Streptococcus putnficus a marked penetrann» 
foul odor X as produced after three dns met ban >n under 
anacrob c conditions In addmon to these other anaerobic 
onjanisms rccox cred fr m the pus of periton tis are capat le of 
producing f ul ^ dors These orrnm ms include x anous mem 
bers of the closmdium group Streprobactenum foetidum 
B thctoides and other forms of unid nnfied gram posmx e and 
trram neirati c bacilli He concluded that th charactentic 
putnd odor as caused bx the presence and t'rox th of anaer 
obic bacteria chieflx B niclanino«'enicum and a aerob c strep 
tococci 

In penton tis secondary to fnnale genital tract lesions t o 
mam groups arc rcco«mized one xhich folio xs ^onorrleal 
salpingitis and the other x hich is associated ith puerperal 
sepsis or septic abortion In the first m-oup the gonococcus ; 
the etiologic agent but m the second group a mwed aerob c 
and anaerobic bacterial flora is usuallx found The aerobes 
generallx encountered arc hcmolxtic and nonf emoB tic strep- 
tococci staphxlococ 1 B cib and d phtheroid bac lb The 
?naerobes arc ma nix n us stra ns of streptococci Sch tt 
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muIIersB sj nibiophilcs diphtheroid bicilli and B melanin 
ogenicum The hemol)tic streptococcus and the anaerobic 
streptococcus are thought to be responsible for the se\ entv 
of this t)pe of peritonitis Schottnmller since 1910 has re 
peatedlj claimed that the impomnt etiologic agent of puerperal 
sepsis IS the anaerobic Streptococcus putndus and similar find 
mgs haA e been reported b\ Bingold Schu artz and Dieck 
man Colebrook and Hare and Schuartz and Brown 
although the\ recognized the importance of strains of an 
aerobic streptococci other thm Streptococcus putndus In 
manj cases of puerperal sepsis w ith pentonitis the anaerobic 
streptococcus can be isolated not only from the pentonms 
exudate but also from the blood stream 
Another occasional source of peritonitis caused by the 
anaerobic streptococcus is that follow ing spontaneous rupture 
of a chrome ttilo oiarimi abscess or opentive interference for 
such an abscess Alchouch the pus of these chronic abscesses 
lb frequemlv considered sterile the anaerobic streptococcus 
in pure or mixed culture was recovered in twenty tw( of 
iwentv fivcccnsecutivccascsbv Alremcicr One of the cases 
studied developed a fata! postoperative peritonitis after sal 
pmgo-oophorecfomy Although most im estigators hav e found 
that these anaerobic streptococci have little or no virulence 
for laboratory animals tncir frequent presence often m pure 
culture in human infiamnntorv lesions stronglv suggests their 
patho«Tcnic nature for man Considerable more w ork is needed 
in this field 

TOXEMIA OF PERITONITIS 
At least rw o factors seem to lie actu c in the production of 
the toxemia of peritonitis at sort ed I icterial toxins and / emo 
concemntioii sccondarv to cffusim of large amounts of ex 
udate into the peritoneal cavitv with resultant alterations in 
blood chcmism In a senes < f experiments on dogs Harmon 
and Harkins demonstrated that the pcntomtic exudate 
contains a factor which depresses the blood pressure when 
filtered and injected into other animals They show ed that this 
depressor si b tance w as also present in bacrena free filrrates 
if B coh and Cl w clchii cultures and in nonprotein extracts 
t f these filtntes 
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Other members of the dnstndium group d> not per sc indi 
ente a graser prrgn sts UsuiU) tie collectne action of se 

ri/ j/FTwx seems to be the imp rtantpath gem factor 

One property of mam of the anaerobes is the abilm to 
attack and tear tl( un nati\e pruteins with the production tf 
\ anous foul odors In fact the pre alent idea that the B coli 
IS responsible fr r the charactensne foul odor of peritonitis 
sccondaf) to perforation of the appendix or intestine is er 
roncous The B cob b) itself is unable to attack nati\ e hunun 
proteins It can and does break doi ti split protein products 
such as peptone and trj'pronc to produce indole Pure indole 
does not haa e a putnd odor but has m fact an aromatic odor 
Cases of peritonitis ma% ha\c the charactcnstie foul odor in 
the absence of B cob 

In 1938 Altemcier studied the abilitv of B coh to pro 
duce a putrid odor when gronm upon stenie human piis and 
fotmd that no fc ul odr r resulted although a \ er\ good grouth 
of the bacterium s as obtained On the other hand hen 
similar pus Mas inoculated Mith B melanino'renicum and 
the anacrol ic Streptococcus puenficu'? a marked pcnctratin® 
foul odor Mas } reduced after three da)S incubation under 
arucrobic conditions In addition to these other anaerobic 
oiguni ms recoi cred from rhe pus of pentonir s are capable of 
producing foul odors fhesc orranisms include arious mem 
bers of the clcsmdium group Strepr Incterium foetiduni 
B thetoides and other /onus of un dcntjfied gram positi e and 
gram negati e bacilli He concluded that tl e characten t c 
putnd odor as caused In the presence and gro th of anaer 
obic bacteria chiefl\ B melan no«^iciim and n erobic strep 
tococci 

In per tomtis secondary to female ttemtat tract lesions t \ 
mam groups arc recognized one m hich follo\ s %onorr1 eal 
salpingitis and the other ^ hich s associated ath puerperal 
sepsis or septic abortion In the fine group the gonococcus s 
the ctiolomc agent but in the econd group muted aerobic 
and anaerobic bacrenaj flora i usuallv f und The aerobe 
cenerall) encountered are hemoivnc and nonhem I\ tic strep 
tococci st3ph\lococc B coh and diphthe id bacilli The 
anaerobes are mamlv i anous srr ns of str ptococci Sch tt 
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quentU occur Numerous attempts have been made to devise 
methods of preventing this comphcation T acanes have been 
extensn el\ emplo\ ed bj Mikuhez Bargen Dixon Rani in 
Steinberg and his associates Coller and Rife and others 
Mil ulicz used B coli vacane but was forced to discontinue 
Its use because of sevcie reactions Bargen in 1938 prepared t 
\accine from B coh and streptococci which was injected 
intraperitoneallj three dajs before intestinal resections Dixon 
and Bargen reported that the mortaht) rate from postopera 
me pentomtis dropped 66 pec cent m 1500 patients subjected 
to this vaccine therapv but Rankin reported he had aban 
doned the use of this intraperitoneal vaccine because he had 
further reduced his monahc) rate by other preoperame mcas 
ures Steinberg and his associates have been successful in 
preventing experimental pentomtis in dogs by the mtnpent 
oneal injection of Bactragen z suspension of B coli vaccine 
m 1 per cent gum tragacanth This protection is produced by 
3 local hy petleukocytosis within the peritoneal cavity Ac 
cording to Steinberg and his associates the effectiveness of 
this protection is determined by a mobilization of a sufficiently 
large number of phagocvtic polymorphonuclear leukocytes 
w hich requires the retention of an acnv e leukocy te evoking 
-intigcn m the peritoneal cavity They hav e reported the 
apparently successful use of Bactragen prophy lacttcally in 
humans Jones however stated that he had had two deaths 
with bloody pentoneal fluid after using the v accine and had 
therefore av oided its further use 

Tlve intraperitoneal instillTtion of many other sterile irri 
tvits has been showm to afford some det^rec of pentoneal pro 
tection a<nimst infection Such substances include saline solu 
non glucose solution blood serum broth bovine ammotic 
fluid egg albumen sodium ncmoleate ether and tincture of 
merthiolate 

Recently evidence is accumulating that the intrapentoneil 
nstilhtion of sulfamlajinde appears to giv e considerable pro 
tection against pentomtis in the presence of bactenal con 
tanunatioa Varco Hoy and Stevens demonstrated a lower 
monaliry rate in dogs follownntr gastro intestinal anastomoses 
when sulfanilamide was used Altemeier found that 75 per 
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Okada studied the blood chemistrj of do<»s with cxpen 
mental peritonitis He found an increase of nitrogen increase 
of Mscosin decrease of blood chlorides delated clotfin 
time and dela\ ed sedimentation rate He concluded that hista 
mine picrate w hn-h he found in the exudate is probably the 
iinportaoc cause of death m pentonitis 

In animals \nth diffuse pentonius Imanaga found a lo\ 
cred hj drogen ion concentration and low ered sodium chio 
nde and oxj gen content of the portal > cnous blood 

Harkins Harmon and Hudson estimated the exudation m 
bile pentomtis to be approximately one third of the blood 
\ olume and dO per cenr of the plasma \ olumc nth resultant 
marked hcmoconccatraoon 

Blalock found that the mtrat cnous administration of saline 
solution in dogs tnth experimental peritonitis caused a marked 
increase of the pentoneal exudate m hile the subcutaneous did 
not 

PREVENTION OP PERITONITIS 

Postoperative pcntonios is soil the most dreaded complica 
tion of abdomind suf<^r) There is no question but that good 
dUg,nostiC’ ability surgical ted me jiidpitent and experience 
nunimizc the dev clopment of postoperanv c pentonins. Ade 
quate preoperati e preparation of the patient restores him to a 
state approximaong normal an 1 increases his general resist 
ence In;iin or devitalization of the intrapcnroneal ossues is 
reduced to a mimmum bj ijcnilc handli ig of the intesnnes and 
pentoneum avoidance of strangulanon and larvae bites of 
tissue b> lif^rure sharp d section when possible and careful 
preserv ation of the intestinal blood siipplv The a o dance of 
bacterial contamination of the pentoneum is principallv a 
tnatter of operani c slall ptnicvlarh in inrest nul resecnons 
and anast moses The danger of pent nicis dev elop n" after 
mtesnna! rcsecti n n the presence f obstniction s v cll 
recooTiired unless a preltminan decompression s lone 
Hov ever there are m n\ ultra didom nal les on m which 
the bacteria ha e extended bevond the all of the is u int 
the adjacenr tis ues such « a care noma of the colon Under 
uch c nditions b tenil conrtmm non and infect on fre 
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ACTIVE TREATMENT OF PERITONITIS 

The successful management of pentonios is based upon 
early correct dngiiosis aleptate preoperatiie and postopera 
ti e care good surgical jiidgiiieiit and technical skill The 
concro\crsj o\er prompt operative and conservative or de 
layed operative treatment continues but it is our policy to 
operate promptly m most cases of peritonitis removing the 
focus of infection or suturing the gastro intestinal perforation 
with a minimum of trauma Preoperatnely if the patient 
shows signs of dehydration or toxemia adequate parenteral 
fluids (S per cent glucose and saline) arc advocated In the 
case of perforated appendicitis the appendix is removed 
throu<il\ a small McBurney incision if this can be done safely 
without spreading the infection In making abdominal m 
cisions for peritonitis we believe it is important not to dissect 
back any of the various layers any more than is absolutely 
necessary as this exposes greater areas of the abdominal w all 
to contamination and infection by the bacteria m the pent 
onitic exudate 

The question of draijMi,e is decided upon the merits of each 
iiulividual case In the presence of foreign bodies such as 
fccil contamination or devitilized tissue drainage is advo 
cited by Reid In addition we consider the presence of a 
fiul smelling peritoneal exudite to be indicative of the pres 
ciicc of anaerobic organisms and unless drainage is instituted 
secondary abscesses ire prone to develop 

lostoperati ely the use f Fowlers position continuous 
gastric suction interval doses of morphine and repeated small 
blood transfusions ire important A positive fluid electrolyte 
and scrum protein bilmcc is carefully mvmtained Fluids by 
m( nth ire restricted until peristalsis has been reestablished 
The \ line of specific drag thenpy m peritonitis has not 
been] roved but c idcnccofitsw rthisripidly accumulating 
fr mnunv s iirtcs Inpnntry peritonitis Lidd Rotsford an 1 
C i men belie c the hK^h ni mlity rue in children can be 
mrkclU redu cd by ade \uiK stilfoiraimdc treitn/cnt m adds 
tion to cirlv perm n drainage -uvl ryyc specific scrum 

Rcccntlv then c ifsiilfimliniidcmtheprophvhcticandthera 

1 cutic treatment f peritonitis has been ado} ted at the Cincin 
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cent of rjbbiti \5efc protected from a Mrulent nii ed culture 
of bactena when sulfaniljntide was instilled mtrapentoneallv 
nlong with tlie bactena If instillation w as delaj ed it appar 
entlj had little protcetixe action Rea also concluded that 
sulfanilamide seemed to be most effectu e m the prepcntonit s 
stage and that its efficacy was much reduced once peritonitis 
had become established Likewise Schmidt Cucrri Hiddcand 
Adashek found that the eirlicr this drug is administered the 
better are the results obtained Lockw ood and Rhoads^ be 
lie\e that the pentoneuni is a favorable site for the actioi of 
sulfanilamide and thev have obtained good results clinicallv 
in the prev ention and treatment of peritonitis Locknv ood and 
Ra\ din ha\ e used sulfanilamide prophv lacticallv in surgen 
of infiammarorj and traumatic bowel perfonnons 
There is evidence that a nonspecific r>pc of peritoneal ini 
niunir) can be produced bv the apphcivon of roevt^eri im 
diation o\ cr the abdomen one month preoperac v civ No post 
operative peritonitis occurred in fiftv one consecutive cases 
of resection for carci loma of the recrum and rectosifftnoid 
reporred In Pratt with one exception \ hen an operarne 
error m the selection of the point of I "ation of the vessels re 
suited in extensiv e eangrene and slouf^hing of the colon All 
of these patients had received high voltage roentgen therapx 
one month preoperativclv pnmanlv to decrease the size of 
the carcinoma and to protect acamst metascases Altemeier and 
Jones’ studied the protective value of \ rav a<^inst extremeh 
V irulcnt pentonins in rabb ts Fro n their expen iicntal re i Its 
It appears that hi<»h eoIti<'e roentgen therapy gi en four to 
seven weeks before the intrapenroneal injection of virulent 
bactena protects from 70 to 7> per cent of the rabbits from 
experimental pentoniti The manner in I ich this protec 
non IS produced is obscure Rea f lund that \ ra) irradiation 
three da} s I efore inoculat on of bacter eav e 1 ttlc o no pro 
tcction from pentonins 

The evidence that bactmoplj^ and specific antisera cm 
be used prophv lacticallv in human peritonitis is si c'l r TI c 
mixed and biwrre bactcrnl flora definitelv seems t 1 t il c 
value of these itrents 
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njti General Hospital The sterile sulfanilamide powder is 
dusted into the wound and peritoneal cavit) at the time of 
operation using 8 gin for the pentoneum and 4 gm for the 
wound as an adult dose Postoperatw eh the sulfanilamide 
blood le\el is carefulH ' atched and m the more seiere case 
IS maintained b\ the additional adnumstration of sulfanilamide 
parentcrallj 

e ha\ e had no e\pericncc w ith the Toent\’en trcdtinent of 
peritonitis as reported b\ Kelh and Dow ell“ or with sero 
therapy as ad\ ocated b\ \ incent einbem Pre\ ot 
Datesne and Renird Riemann kimz Pnestlcv and Me 
Cormack*- and man\ others 

CONCLUSIONS 

In\ estisations of human and expenniental animal pentomtL 
hat e resulted in a better undcfsi3ndin<T of the pnnctples <»ov 
eming successful treatment and of the factors acn e m the 
determinanon of the nature and setenrt of the inditidual in 
fection The pnet cal application of these results his un 
d ubtedlt been a factor in the reduction of the mortal t) rates 
< f recent reports 

wish to eitiphi /< the iniforrmce and adtantJges of 
adequate bactenol me contr 1 as n parr of the surgical treat 
n ent of penronitis Ca cful cultures 1 th aerobic and anaer 
obic and diamio nc and pri»Tiostic smears of the purulent 
exudate are of particular value 
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INFECTIONS OF THE HAND 


MICHAEL L MASON MO PhD FACSf 


It is impossible to discuss infections of the hand v. ithout 
leaning heaiil) upon the basic contnbutions made bj Allen 
B Kana\ el He brought to this field a broad conception en 
compassing the fundamental sciences of anatom\ phv siologj 
bactcnolog) and the entire clinical picture including the 
reptnme surgerv of the complicating sequelae Bad of all of 
this uas Kanavels insistence that the snrgcon uho cares for 
■m infected hind ippreciate that he is dealing not onl> with 
in infection but aUo with a motor and senson organ upon 
the efficient functioning of which the indiiiduals livelihood 
depends 

FREQUENCY AND IMPORTANCE 


There are many reasons why injuries and infections of the 
hand hive been accorded special consideration Industrial 
statistics as emphasized by Probstein hav e show n that the\ 
cause more loss of w orVmg time than any single condition 
ProbabU 50 per cent of all industrial injuries involve the hand 
It has been estimated that the incidence of infections of the 
hand is 3 to 7 per 1000 of population each year and that the 
mortality is about equal to that of acute appendicitis Injunes 
and infections of the hand affect individuals during their pro- 
ductive years at least 70 per cent occuiiing between the ages 
of tw entv and fifty 

It IS hardly necessary to emphasize the great finictioval 
alue of the human hand The means of Iiv elihood of most of 
us would be taken aw av b\ lossofitsuse \Ian\ patients have 
had to chingc their ocaipatinns because of disability follow 
mg injury or infection The funcaons of the hand are such 
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INFECTIONS OF THE HAND 


MICHAEL L MASON MD PhD FACSf 


It is impossible to discuss infections of the hand without 
leaning heavily upon the basic concnbutions made bv Allen 
B Kanavel He brought to this held a broad conception en 
compassing the fundamental sciences of anatomj phj siologv 
bacteriologv and the entire clinical picture including the 
reparative surgery of the complicating sequelae Back of all of 
this was Kanavel s insistence tint the surgeon who cares for 
•vn infected hand appreciate that he vs dealing not only with 
an infection but also with a motor and sensory organ upon 
the efficient funettonmt, of which the individuals livelihood 
depends 

FREQUENCY AND IMPORTANCE 


There are man\ reasons wh\ injuries and infections of the 
hand have been accorded special consideration Industrial 
statistics as emphasized bv Probstem have shown that they 
cause more loss of working time than anj single condition 
Probably 50 per cent of all industrial injuries involve the hand 
It has been estimated that the incidence of infections of the 
hand is 3 to 7 per 1000 of population each year and that the 
mortahtv is about equal to that of acute appendicitis Injunes 
and infections of the hand affect individuals dunng their pro- 
ductiv e ) ears at least 70 per cent occurring betw cen the ages 
of twent) and fift\ 

It IS Iiardlj necessary to emphasize the great juitctiovd 
alue of the human hand The means of hv elihood of most of 
us w ould be taken aw a\ bv loss of its use \Ianv patients ha\ e 
had to change their occupations because of disabibtv follow 
in<» injurv or infection The functions of the hand are such 
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that e\en slight duturbances in motion or semation lead to 
ienous Cl en irreparable disabling handicaps One need onI\ 
consider the significance jf slight fibrosis about the inter 
phalangeal joints in a \ioIinisr or the Joss of sensation in the 
huger rip in a surgeon Thisculnecabjlin to slight disturbances 
and the manifestations and coutse of infections can be readiK 
apprcc ated a\ hen one considers the c\ olution and anatoms of 
the hand Nature has developed in the hand a finely coordin 
ated motor and sensory organ which has made possible our 
present ci ilization The hand is composed of compact and 
efficiently balanced muscles tendons and joints motor and 
sens r) nerves and specialized nerve endngs Bulk and pro- 
tection are sacrificed to efficiency there i nothin" to spare 
each part is essential and reduced to a minimum 

The hind imcovered and unprotected touches and feels 
andvvorkswiihallthetbjccts >f our evtemal life It is subject 
CO mechanical chemical and thcnnal mjunes and is exposed cn 
all types of bacteria The doctor the dentist the nurse and the 
pathologist must rake pamcular precautions to ay oid contain 
marion with Virulent organisms The thick rouf’h palmar skm 
favors bactenal nests and tends to force infectiniis processes 
deep into the tissues rather than to allow them rcaa\ corcss 
The blood suppl) m comparison to other parts of the body is 
poor and the surface temperature of the hand is sev eral de 
grecs low er than body temperature 

It IS factors such as these which explain v hv mfecuons of 
the hand are so frequent and so important why recovery from 
them IS often slow and tedious and w hy treatment ma) call 
for cnnsideral le skill and expert cbnical judgment 

PROPHYLAXIS 

\\ ith rare exceptions infections of the hind follov injuries 
and the proper treatment of the opci vound becomes the 
prophylactic treatment of hand infect ons hethe or not 
an I ifection v ill develop n a ound depends upon tv o fac 
tors— the presence of tmiUm bteteru and the reststanc of 
tie tissues to micro or^antats Both factors are anable 1 
to a "rearer or lesser e tent the surgeon may v' ei hr the scilcs 
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Avoidince 0^ Conttnmnatton~-¥xi\ 3 :^i Melenev and Spaeth 
lu\e shown that open wounds are always contaminated often 
w ith tw 0 or more \ atieties of bacteria Even the clean opera 
me wound harbors organisms That wound infection or 
postoperam e infection does not occur in all open w ounds is 
due to several factors The sui^eoo is beginning to appreciate 
that the majority of bacteria found in wounds are either non 
pathogenic or arc invasive only if there has been an excessive 
amount of tissue injur\ This is true even for the ubiquitous 
streptococci and staphylococci Certam types of these bacteria 
arc extremely xitulent and immediately invasive others are 
relativ ely harmless unless present m large numbers or m marl 
edl\ damaged tissues while still others seem to have no path 
ologic significance Those which are primanlv invasive for 
human tissues are found pamculatlv m association with man 
on the si m in the nose and throat or as causatn e agents in 
V allows infectious processes The occunence m nature of these 
invasive organisms seem to be quite rare as evidenced by the 
work of Hate in Toronto It seems therefore that the initial 
in iculation of f pen injuries w ith bacteria of this tv pe w ould 
lie quite rare althouc^h it may take place The immediatelv m 
\asive character of such bacteria is illustrated bv cases of 
w ounds sustained by mjunes w ith human teeth tonsil snares 
safety pins from infected cases p smiortem injuries from j a 
tients w Ith sepsis and so forth The rapidity of dev clopment 
of infection in such cases is startling 

Ith the exception of such wounds as noted initial virulent 
iiiocul ui in seems to be rare \^ e hav e come to fear more the 
s coiidary cc ntaminants from dressings fingers nose and 
throit of s me individual or even from the patient himself 
which gain entrance into the wound after it has been sustained 
It seems to me obvious that one of our first concerns in the 
miiuo'cmcnt of the open wound is to prevent secondarv con 
tinimatK n not so much because it might giv c rise to i mixed 
infecti n lut because it mi<»ht introduce virulent bactena 
int iwoundc ntammated only with rclam el\ Innnlcss ones 
Hence strict a pstSinda oidance of coiitaimiution from the 
time f f first aid until healing has occurred becomes one of the 
hrst { nnciplcs of prophvlaxjs of infections of the hand In 
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this connection the reports bj Miles and associates and tlie 
\ anous studies Hirschfeld are of significance 

Avoidance of ftsme Dainige~^Xhc resistance of the tissues 
to inv ading bictena is another concern of the surgeon in both 
the proph} lactic and actual ctre of hand infections Health) 
tissues can deal t\ith nian\ l\pcs of c\cn quite virulent bac 
tcria provided the organisms arc not present in too great nuni 
bers Devitalized tissues nia> fall prej even to relam el) 
ivirulenc bacteria Tissue damage however maj occur not 
onl\ at the time of injury but also subsequent to the injur) 
as a result of the use of chemical antiseptics operativ c trauma 
or failure of the surgeon to put the pan at rest follovvm" 
proper treatment of the wound A\ound cvcision which re 
moves tissue hopcicsslv damaged b) the initial injut) should 
leave behind om\ healdn tissues capable of dealing v ith am 
organisms still present However if the surgeon leaves in his 
wake masses of tissues crushed in heniostats and li'^rures are is 
of dev italization due to forceful retraction or irntant chemicals 
and if the patient fitnher traumatizes the parr infection ls 
likel) tosupenenc 

It would seem imneccssirv tocmphisze in this discussion 
these basic principles of surgen Hov ever considerable ex 
pcnence with infections of the hand has forced me to the 
conclusion that onl) s<me 10 percent of hand infections fol 
low the initial inoculation of ver) virulent bactena whereas 
in the rema nder secondar) contaminants low ered tissue re 
sistance or both arc at fault The proper management of 
injuncs of the hand therefore js the proph) lactic treatment 
of infections of the hand (and pvrentheticallv the proper 
management of tnv lal infections is the prophv lactic tre tmenc 
affa nst the major infections) A hige majority of all hand 
infections can le traced to avoidible contam naton and un 
ncccssar) tissue inju v 

general considerations in treatment 

Success m the management of an infection of the hand de 
pends upon three factors eariv and accurate d jcmosis 
prompt insotut on of the best a d most efficient means of 
treatmenr and the conscrv w on t f the f notion 
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/> arly and A ccuratc Dt ignosis —The correct diagnosis ag iin 
involves three thnij^s I irst the detennination of the location 
of the infection and a visualization of its passible routes of 
extension Second the detemiinanon as to uhcther or not the 
infection is localized or spreading a distinction of the great 
est importance since the treatment of one t) pe is diametrically 
opposed to that of the other The third factor m the diagnosis 
IS the identification of the infecting organism In some in 
stances successful treatment may depend entirely upon the 
identification of the bactcnal invader 
If vve wish to take intelligent advantage of the various sul 
fonamide drugs and of zinc peroxide wc muse know not 
only whether the organisms are aerobic or anaerobic but also 
the various groups and types to which the bacteria belong 
Vrompt Imtittitton of Treatment —The prompt institution 
of treatment does not mean necessarily that incision is made 
IS soon as the diagnosis is certain In some infections hke tenn 
synov itis and felon early incision is indicated since otherwise 
tissue destruction and extension take place In the spreading in 
fections the utmost conservation is demanded 
Conser atton of - Conservation of function of the 

hand inv olv es a know ledge of the mov cments of the hand and 
an appreciation of its importance as a peripheral sense organ 
During the acute sta<yc of the infection while the warm moist 
packs are used the hand should be prevented from assuming 
VICIOUS positions and should be maintained m the position of 
function whcneverstnctimTnobihzationisindicatcd Assoon 
as voluminous warm packs can be dispensed with the hand 
ma\ be soaked once or twice daily mawarm stenie arm bath 
ind dunn<T this time the patient is instructed to move the 
finf^ers and wnst to prevent the devolopment of stiffness and 
to discourage fibrinous adhesions Dressings following the 
acute stage should be h<»ht and noncrnfining unmvolved 
fingers and )omts should be left free to move and the patient 
encouraged to mov c them The incisions made to secure dram 
af^e are 1 ased on a consideration of their possible after effects 
niev should lie so placed that the resultant scar docs not 
im oh e important tactile surfaces nor lead to disablin<r con 
tractions 
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1 here ire certain other general consideruions « Inch appl\ 
cjuilh to all infecaons 

■inestfe ij~\ general anesthetic sfiouW leu dm all in 
stances eveepr for superficial accumulations of pus u hich im\ 
I c released b\ the reinosal f the ciiricular h}er of the km 
hrer'ing et) yl c) londe A cs nor pemur adetjuace men; ; 
bef< re intolerable pain be«nns nor does it allow the surge n 
adequatcls to visualize the ibscess cants oridenrifv important 
in itonuc structures The freezing also k \\ e/s the local tiv:ue 
vitalitj and cannot c\ert a favoral le effect upon tissue re 
sistince The injection of IocjI stl etics into or about m 
flamed areas tends to increase tension in the t ssues and nia\ 
easily cam bactena into nonmv oK ed regions Acute sj read 
mg infection < f the hand is a not infrequent sequel t) n \ i 
tain infiltration and vie have seen a fur number of ca es m 
v\ hich gancTene of the fino-cr tip has foliovi ed local mfiltra 
ticn Kiufniin his recenth reviewed i senes of such cises 
Most incisions on the hand require slow careful step bj step 
technic and this can be accomplished only under i,etteril ffii 
estl esti The new er mrj cnous anesthetic agents are finding 
a field here and appear to be replacing was anesthetics for 
shorr opentjons TTie surgeon "ho feeJs forced ro iv oid a 
cneral anesthesu might profitably turn to incrav c lous 
H itiostJsis—\ bloodless fiel 1 is almost indispensable in all 
operations upon the hind Identification md av oidincc of im 
ponant nenes blood vessels and tendons cannot be rrnde if 
the opcritiv e field s constmtly flooded vv ith blood A drj 
field can be obtained In the use of a blood pressure apparatus 
inflated to SO to 60 mm of met un foHov inf» a thirty 
second clc ation of the ann TTie broad cuff applies in eyen 
controlled pressure o er a wide area md does not cau e nerve 
injor} even if Je/r on for i considerable period of nine 
DraH’Jf^e —Drainage is secured bv adequate incision and not 
bv the use of forci<m marena! introduced into the w ounds 
Drams arc useful to pres ent the awlutination of ( und ed^c 
hich mif^ht occur immedntelv after incision After tvventv 
four to fortv eic'ht hours they hould be remo cd nd n r 
reinserted since there i no more certain av of intfodacinc 
secondan infection or l,ccpin<» up dischanjc than by the 
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constant rcmtroduuion of wicks and plugs The drainage 
niatena! should be of soft and nonadherent matenal such as 
rubber strips or \ascline gauze which do not lead to pressure 
injuries and maj beeasilj ten\o\cd It should be simpl) tacked 
into the edge of the w ound and not packed m 

Incisions ~1 here arc certain guiding principles to be fol 
low ed m making incisions on the hand Incisions should be as 
large as is nccessarj to secure adequate drainage The surgeon 
should know the amtomt of the hand so that he ma) avoid 
important structures and not comej infection from an m 
volved area mto a norunvoKcd one It is an easy matter to 
conv ert a felon into a tenosy nov los if the 1 nife is earned too 
fir proximallj when incismg the antenor closed space The 
stirs following healing of an incision should not he on an im 
portint tactile surface eg >0 the midlinc of the pulp In 
tisions so far as possible should follow, tie skm cresses and 
IV Old crossing them at right angles The skin creases are natural 
lines of folding and tension is minimal along lines parallel to 
these folds w lute it is greatest it ri<»ht angles to them Incisions 
ill n" or parallel to the natural creases heal w ith a minimum of 
stirring ind cf nrraetton vvhercas incisions at right ingles to 
them tend to produce thick and contraaing scars Pirticularly 
to I civ ided arc w/rf/iw incisions on fingers and wrist which 
Icid r flcMon defomutics Midlinc incisions on the fingers 
luvlc f r dramao'c of tenosynovitis allow the tendons to 
lierniitc forward with ensuing irreparable damage 

liKisioiis which have been found advantageous for drainage 
f the hand arc illustrated in Tig Mi It is to be observed that 
the incision fof hinibrical canal abscess and middle palmar 
[ Kc mfcttion IS unmerse instead of loncitudiml This is 
I ct uisc the longitudinal incision w hilc efficient contracts 
li htlv ind Ici es more scar thin the transverse t\ pc \lcKim 
In p lilted Hit the id\anta'Tcs of trinsvcrsc incisions m the 
I ilni Ihc trinsvcrsc incision must of course be made with 
txtretne circ since it crosses the nerves and tendon ind must 
I c nn Ic in 1 1 loodlcss field as should all incisions ( n tlic hand 
\mim\ ih ition of hipir i Pjw -The creat aluc of rest in 
t ntrollin'T mf ctions is veil illustrated in infections of the 
hind Sphnts hould be an integral part of the dressings and 
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should be worn bj the paoenc until the infectious process hjs 
healed If one needs to be convinced of this fact he should 
only observ e the response to rest of the usual fin^^er tip injut) 
first seen w ith redness and discharge three to four da\ s after 
the accident when the patient has used the finger even thou h 
If has been covered with dressin*^ Such infections if dressed 
carefullv and the finger put on a splint wnll rapidK subs dc 



It V oiild be unpossible t describe all f the plintswhth 
will be found useful but a fe of rJie more conmion one 
can be I nefl\ mentioned Splints niav be made of al ninuit 
shectuvcf cut with on snips to desired size and sh pe ounded 
out on an anvil and smoothed off with file and emerj cloth 
(Fiss 118 119 ) S mple finger flints 6 to 7 inch s long intf 
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inch wide are 'valuable and a good stack of them should 
be made up and kept on hand Thej maj be applied ov er the 
dressin<^ on the \olar or dorsal surface of the finger and 
should be bent so ns to keep the digit slightly flexed at each 
joint As a general rule fingers should not be immobilized in 
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1 Straight position since this allows the capsules of the joints 
to contract in extension and is als often quite painful 
Tlie simple cock up splint fashioned so as to hold the hand 
m a pc sition of function is ptmcularl> \ aluable w hen it is not 
necessary to immobilize the finders (Fig 119) If fingers wrist 
md thumb are to be immobilized as they are when placed 
in w arm moist pad s a lanjc aluminum sheet is cut in such a 
fashion that the w hole hind rests upon it in a posmon of func 
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should be worn bj the patient until the infectious process his 
healed If one needs to be convinced of this fact he should 
onlj obsen e the response to rest of the usual finder tip m;un 
first seen with redness and discharge three to four dijs after 
the accident w hen the patient has used the fin^^r c\ en thou h 
It has been coiered with dressing Such infections if dressed 
carefully and the finger put on a splint will rapidly subside 



Sinuljr e\{ ericnccs th all y ounds and infections of the ha tl 
wtU soon com incc the suiye n of th great lue of imnioh 1 


It woi Id be unpossible t describe all ftlcsplnrs hid 
\yill be found useful but a fe f rl c more c m non nes 
can be ( neflj mentioned Splints niav be made f aluniinui 
sheeting cut y ith tin snips to desired e and shape rounde 1 
out on an amd and snoothed off ith file and emerj cl th 

(Fm 118 119) S mple fintrer splints 6 to 7 inches io g and 
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importance The subcutaneous infections of the fingers are 
reUmelv frequent and var\ from small locali7ed processes 
to extensn e accumulations of pus n hich mav entirelv encircle 
a finger The felon is estremeh frequent more so than one 
realizes until a series jf cases is studied The acute spreading 
infections if w e include m this cases w hich present 

l)mphangitis arerelatncK frequent although the very fulmi 
nanc cases are bv oo means common Suppurativ e tenos) nov 
itis IS one of the most feared emergencies in hand infections 
but foitunateU it is relativelj rare and as a primary process 
(/ e the immediate mitnl imasion of the tendon sheath b) 
pm pnek knife cut and so on) is not at all frequent 

1 SUBCUTANEOUS INFECTIONS OF THE FINGERS 

The importance of subcutaneous infections of the fingers 
lies in their frequenej m the possibility of their being con 
fused with tenos) not ms and the possibility that if this dif 
ferentation is not made correctly a subcutaneous infection 
may be conteited into a tenosy no\ ms or a suppurative ten 
osvnovitis may not be recognized md the subcutaneous ab 
scess only may be opened 

Subcutaneous infections start most often from tin\ open 
wounds along the side volar or dorsal surface of a finger 
(Ficr po) often on the middle phalanx Thev may remain 
localized to one side of the phalanx but most often they tend 
to spread beneath the superficial fascia through the fat and 
areolar tissue over vrbr and dorsal surfaces They mav almost 
encircle the finger and may spread distally and proximally to 
\n\olst mist of the digit When they occur about the pro\ 
imai phalanx the pus ma\ track upwards into the web space 
and even under the superficitl fascia of an adjacent finf^er 
UsuaWv the process is of such a nature as to localize rapidlv 
md lead to necrosis and unless drained after this localization 
Ins taken place thc\ may rupture though the skin in sevenl 
I laces producing a picture not unlil e that seen in neglected 
ttnosv nov itis If the process goes ori untreated the tendon 

heath of the finger miv became involved and a tenosynovitis 
re ttlrs This tenosv nov itis m contrast to that w hicli follow s 
inunrv moeulition of the tendon sheath nny be I realized to 
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ti n It nia\ be nude so that the hand rests m pronation or in 
supination depending somewhat on the site of the infection 
After the acute process is oter and if rest is still necessars a 
s nailer splint ma\ be made to support the wn t m dorsiflexion 
ind w hates er finf^ers are necessity in slight flcMon Iea\ m 



It would not be possible to dscuss all t\pcs of hand infec 
tions in this brief presentation I should 1 he ho e cr to pre 
sent four processes each of \ h ch ^ll illustrate the p mt 
which I have attempted to m he These processes are (li 
subcutaneous mfecoons of the fingers ( ) the felon (3) acur 
spreadintt infections and (4) acute supp rati e t nosvnovitis 
] place them m the order of their frequenev e cjuamitan ( 
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neous infections usually subside very rapidly follou ing incision 
the appbcation of w arm moist pacts and spbnting If a process 
supposedly a subcutaneous infectioii does not subside in good 
time after incision it usually means either that a tenosv no\ itis 
has been o\ erloohed or that an osteomv elitis is present 

2 FELON 

The anatomic peculiarities of the distal phalanx explain the 
symptoms and course of tht felon (Fig 121) The tough con 
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necme tissue septa which bmd the undersurface of the skin 
to the bone prci ent expansion of the tissues The pun m felon 
is therefore earl\ and sc\cre and the surgeon usually sees the 
patient w ithm n\ ent) four to forT> eit»ht hours of the onset 
The same tension which causes Ac pain leads to interference 
with the blood suppl\ and unless the tension is soon rebel ed 
necrosis occurs I he intimate assoaation of the distal phalanx 
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in area of tKc sheath probably because the preceding infliin 
maaon has caused adhesions in the syno\ nl sheath In late 
cases the joints as \ ell as the tendon sheath may be involved 
so that what started out as a relatively simple process may 
lead to the destrnetton of a digit 
Early the d/Jg«orr presents bttle difficulty since the sw ell 
inf^ IS localized and there are not the cardinal sy mptoms of 



tenosynov tis Lat r on hole er hen the hnger is en ircled 
and especially ifasinu is present tm y not be easy to maWe 
2 defimte dia^^nosts Here the value of operatm" under general 
anesthesia and in i bloodlea field is i eJJ e emphhed The 
sunreon can incise slowly and carefully and can actually m 
specc the sheath to see f t ha been ini aded The u! cuta 
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neous infections usually subsidoery rapidly following incision 
the application of w arm moist pac^ and splinting If a process 
supposedly a subcutaneous infection does not subside m good 
time after incision it usually means either that a tenosvnoi itis 
has been o\ erlooVed or that an osteomv chtis is present 

2 FELON 

The anatomic peculiantics of the distJ phalanx explain the 
symptoms and course of the felon (Fig PI) The tough con 
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iiecme tissue septa which bind the undersurface of the skin 
to the bone prexent explosion of tfie tissues The pam m felon 
IS therefore earl\ and set ere and the surgeon usualK sees the 
pitient within twent> four to fort> eic^ht hours of the onset 
The same tension w hich causes the pain leads to interference 
with the blood supplj and unless the tension is soon reheved 
necrosis occurs The intimate association of the distal phalanx 



468 


L MASON 


Mith the infected space and the blocking of its blood suppl) 
predispose to imoKement of this bone 
F Ctrl)' relief of tension is of course necessary and the indica 
non IS to ditide the retinacula cutis which bind the skin to 
the anterior surface of the distal phalan-V This maj be done b\ 
a hterjl incision along one side of the phalanx sw eepin the 
knife across the space about miduat between the bone and 
understurface of the skin and dnidmg the connectite tissue 
strands The fish mouth t\*pe of incision is unnecessai) and 
leaves a scar across the pad of the finger which mav be sen 
ouslj disabhn" cspecnllj in pcrfomung fine acts It is ]uite 
a nuisance to a surgeon The nudline incision w fuch is so frc 
qucnth seen docs not adequately drain the space and leaves 
a scnsitiv c scar on the tactile surface of the pad 
Some tir ol eiiient of tl e bone is probably present in all b t 
the very earliest cases However as has been pointed out b\ 
Koch the bone s inv aded by extension from soft tissue mfec 
non and the indication is to drain the soft tissues To attack 
1C surgically with chisel or curer onl> mvnes disaster carries 
infection deeper into the bone and converts a mdd penosno 
into a dcstrucnv e oste as Great caution must be exercised in 
diagnosing ostcomv elicis from the roentgenogram since slit^ht 
areas of atropht so often associated v irh disuse and ne ohbor 
mg infcCTion are frequenth mistaken for bone infection Nor 
ordv IS the diafmos s frequenth in error but the direct attack 
upon the bone leads to unnecessarv sacrifice of bone and t 
upward progress on of the process into uninvohed bone 
If the case is seen late and adequate soft t ssue dram has 
not been secured the lateral incision of the phalanx sh uid be 
made If loose sequestered bone is present it should be Iiftel 
out genth but the remairang bone should not be touched 
\\ ith conserv ativ e management bv adequate drainav, of soft 
tissues permimnc' the bone nflammation to subside or <^o on 
to sequestration the distal phalanx mav frequenth be sa ed 
and inrolv ement of the rest of the finder prev ented Spl ntn% 
IS of inestimable alue in this c ndinon 
The cv il reputation of the f Ion mav usu Ih be t ced to 
errors in manatrement v I ich ha e as their result progress c 
necrosis and consequent loss of soft tissue and bone from the 
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finger tip Inadequate drainage even if accomplished early 
defeats its ov\n purpose Drainage too late ma\ be adequate 
but there \nU already be present a sizeable plug of necrotic 
soft tissue from the pulp and invasion of the bone The third 
error is operative attack upon the bone itself a procedure 
\\ hich simply assists bacteria in theit invasion 

3 THE ACUTE SPREADING INFECTIONS 

The acute spreading infections such as lyvtphmgttis and 
itreptococcal celhiUtis arc the most serious with which the 
surgeon has to deal Thej frequently follow a neglected 
trivial mjurv or result from the direct inoculation of extremely 
virulent organisms from human sources They are frequently 
seen m nurses physicians and pathologists whose profession 
brings them m contact with sharp objects contaminated with 
virulent pathogemc bacteria The organisms sprcid quickly 
through the lymphatics and often produce a generalized in 
fcction within a few hours The lymphatic distribution of the 
upper extremity is such that bactena introduced into the 
tissues on the volar surface of the hand traverse most of the 
tissues of the hand or finger to reach the dorsum w here gam 
mg entrance to a smaller number of larger v essels they pass 
over the dorsum of the hand and wnst into the forearm 
and arm 

Syinptovimcally most cases begin with a chill malaise 
fever and often prostration The sue of injury aches and 
throbs and pain radiates up the forearm and arm Examination 
It the onset may show the focal point of the infection to be 
red tender and sw ollen while the red streal s of lymphangitis 
indicate the extension of infection into the Ivmphatics of the 
extremity 

From tins point on it js possible to divide the cases into jour 
groups depending upon the outcome (Koch) If treated con 
seixamely the hrst group which compnses the majority 
will completely subside without any localization taking place 
In the second group the initial focus on the hand subsides but 
I calizmon occurs in the axilla or m the subpectoral region 
In the third group localization eventually takes place on the 
hind or forearm hen the initial lesion has been on the 
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dorsal surface the most ficguenc locahiation is on the dorsu n 
of rhe urist (Fig j A fcss frequent mode of termination 
of a dorsal lesion is as a diffuse subcutaneous liquefaction and 
cutaneous gangrene ^\]th the mioal lesion on the volar sur 
face localization occurs usually as a suppurative tenos}novitt. 
often associated with a dorsal carpal abscess The fourth 
group of cases are the fata! ones These cases shown increasin«^ 
toxemia and progression of the It cal process and go on to fatal 
termination regardless of efforts nude to arrest the infection 
To often however overtcalous efforts at local treatment pre 
cipitate a fatal outcome 

These infections must be treated w ith the utvioit consen 
atimi Local treatment should be limited to the application of 
warm moist packs (Fi'» I i IM) and no attempt should be 
made to obtain drainage until unquesti nable evidence of 
locaLzauon occurs This localization mav take several da>s or 
a w eek or more and even then it i frequently \ iser ro alio 
subcutaneous abscesses to rupture and dram spontaneouslv 
than to incise them In cases v ith infection scartinff upon the 
volar surface m which tendon sheath involvement is evident 
the temptation to incise carlv must be resisted until the rapidl) 
spreading process and Umphingwis sul side Th s requires c m 
siderable patience and fortitude since the surgeon i 1 cm'' 
goaded constantly to do somethin'* for the inn Icrable pun 
which such patients often suffer ffov ever under strict con 
servative management and sedation the advanc n edema and 
the red streaks usually recede and the localization I ecomes 
evudent The drainage of the ten f n sheaths mav be accom 
plishcd often ten to fourteen davs after the onset with sur 
prisingh favorable re-ults 

It vs iti this group of patients that c mav expect benefit 
from the u e of the n/lfonimide dnigs The majority of the 
acute spreading infections are streptococcal m nature and no 
doubt manv iH respond to chemotherapy \ controlled scries 
of cases how cv cr is not arailable and v e cannot as y et sav 
from our ov -n cxpencnce w hether the drug or the other meas 
ores of care hav e been the effectiv e treatment I am under the 
impre s on that w e are secin«» fc cr patients w th acute spread 
in'* infections in the past few seats than formerly but this has 
not been checked staasncally Even if this is true one could 
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not 3S(.nbe it to the sulfonamide dni^ Increasing interest in 
wounds and mfections of the hand is being reflected m im 
proved care and better results in genenl One other fact also 
should be kept in mind m gaugmg the effect of the sulfon 
amide drugs m hand infections and that is that not all acute 
spreading infections are due to hemolytic streptococci nor 
ate all hemcl^tic. stttptococcv Tesponsivc to sulfonamides 
Hence strict bacteriologic control of my process is nccessarv 
in assaying the value of the sulfonamides and no such studies 
ire as \et available 


4 SUPPURATIVE TENOSYNOVITIS 

I cannot at this time go into the anjtoinv of the tendon 
sheaths other than to recall hastily the salient facts concerning 
those on the volar surface of the hand and wnst (Fig PS) 
These sheaths may be thought of as comprised of two groups 
-those enclosing the tendons of the mdeK middle and nner 
hn^ers and those surrounding the tendons, of the thumb and 
little finger Those surrounding the digital ponions of the 
tendons of the index middle and ring fingers extend only 
throughout the lengths of the fingers and end m the palm 
about 1 inch proximil to the web m relation to the deep 
fascial spaces of rhe hand -the vnddle palntar space m rela 
tion to the ring and middle finger sheaths and the theiiar 
space m relation to the index finger sheath W hen one of these 
three middle sheaths is infected pus is earned upwards into 
the palm and if rupture of the sheath occurs one of the palmar 
Spaces becomes involved The sheath of the flexor pollicis 
!on"us ) n V n IS the radial bursa extends upw ards through 
the nst 1 1 en 1 in rhe 1 cr f< rearm Here it lies in close 
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relation to the large common sheath or i/Z/ur binsi vhich 
encloses all of the other fletor tendons at the ^'^st and b 
continued downw ards into the hand about the tendons of the 
Uttle finger Ta\o important facts desen e emphasis First these 
0 large bursae are potentially or actually connected so that 
infection in one is cjuiclJ^ transfered to the other sheath The 
other important consideration is that the tw o bursae end m 
the forearm and not in the hand U hen rupture occurs pus 
IS discharged into the deep fascial spaces of the forearm 
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The sy7iipto?iis and pi vsi al findings of ten s^'no\ icu. are 
typical and pathognoniomt The finder is held m si ''hr flet on 
and any attempt to straii^htcn it causes great pun (F 1 ’’6) 
It IS uniforml) swollen and if it b «wth examined the i lax 
imum tenderness w ill be found to out! ne the tend n sheath 
The proximal cul de sac of the sheath produces moderate 
sweliine in the palm and tenderness oxer this i espccul/x 
si<mificant If the process his ruptured nro a fascial space 
there arc added to the abo e the find mB of the space m 
xohement In the case of r/ewj spJC alscess tl ere s puffi 
ness and induration over the first nterosseus space and tl e 
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thumb IS pushed away from the hand as if a rubber balloon 
were between it and the palm If the viiddle palmar space 
(Fig 127) IS invaded there will be tension and induration and 
the palm will be flattened The sUn over the middle of the 
palm will be grajish m color due to ischemn caused by the 
tension beneath 

In tenosjnoMtis early incision is indicated lest the process 
extend into the fastial spaces and to prev ent if possible de 
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struetion of the enclosed tendons whose poor vascular supply 
makes tliem easy prey to necrosis The digital sheaths may be 
opened by incisions w ell to the sides of the fingers either the 
whole length nf the sheath as shovyn in Fig 117 or the distal 
ponion ot the heath nuy be opened m the finder w hile the 
proximal tul dc sac is opened by a transy erse incision in the 
palm The iihnr bursa requires three separate incisions one 
on the little fin<-er a second in the palm and a third along 
the ulnir idc of the torcimi just above the wnst The radial 
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biirsj requires two incisions one along the ulnar side of the 
thumb and thenar eminence stopping an inch proximal to the 
tninsterse carpal ament where the motor nenes to the 
thenar muscles cross the sheath and the other aboi e the w nst 
on the radial side comparable to the ulnar incision As a matter 
of fact the ulnar incision w til usuall) dram both bursae effee 
ri\ el) The middle palmar space is drained throu h a trans 
\ erse incision along the distal rtexion crease of the palm the 
tl einr space through an obLque mcision alon*’ the radiil 
I order of the first dorsal interosseous muscle in a line connect 
mg the metacarpophalangeal joints of the thumb and index 
fine'cr 

The surgeons responsibilit) does not end with the sub 
sidenee of the infection The paaent must be Kept under 
obserx ation and care until function has been restored to the 
hand In the uncompbeated infections treated promptlv and 
efficiemi) the after care is seldom prolonged In the nec'Iccted 
case and m those with loss of tissues in which weeks or 
months are required to bring alout subsidence of infecn n 
and healin<^ restoruion of function becomes the major prob 
lem To take up th $ aspect of hand infections ou)d cncom 
pass discussion of phvsical therapx tension splintin'' arthro 
plasacs skin tnnsptamation and nene and tendon repair 
Suffice it to sn It this tunc that the surgeon who ccooni c 
the disabling potcntialiucs of hand infections ind foil set 
rect principles in caring for injuries as well is infection ill 
be less often confronted w ith the frozen ha id w hich rc ults 
from inflammatorx fibrosis 

SUMMARY 

Hand infections as nfections elsewhere arc dependent 
upon tw o ranable factors the bactena and the tissues Hi^hh 
irulcnt bacteria ina\ become imasi e n he lth\ undimagel 
tissues whereas lacteria of I \ ciruicnee are often oicrcome 
unless n too great numbers b\ the mniral rc i nnee of 
normal bod\ cells On the ther han 1 a c lentil r inten 
tional injurx of i iiicchan cal h ni al or tl n il naro 
na\ so lo er t s e resist nee that infc n n oc urs c\ e 
from bactena ordinanh non n asi c 
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llapidlj imasive organisms almost always come from hu 
man sources after rather than at the time of injurj and 
It becomes our concern to prevent such contamination of 
u ounds or draining incisions by ngid observ ation of an aseptic 
technic Secondary damage of tissues bv irritant chemical 
operam e trauma or use of the part nuy be av oided bj care 
ful technic avoidance of chemical antiseptics and purposeful 
splinting In the care of an established infection the essentn! 
factors are earlv accurate diagnosis prompt institution of 
treatment and earlv restoration of function 
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THE CHEMOTHERAPY OF SURGICAL INFECTIONS 
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HISTORICAL DEVELOPMENT 


L\er Since ic ^\as suspected that certain diseases \verc 
caused b\ living organisms efforts have been made to destrov 
those organisms or prevent tiicir activiry bj the kcal appli 
cation, or the general administration of medicines The de 
velopment of infections m accidental wounds was observed 
and dtsenbed as far bad as recorde i history and the I gyptian 
papyri record elaborate presenptons for the treatment of 
these surgical infections The earlier efforts were chiefly con 
flned to local applications ot vanous mtusions of herbs or 
alcoholic beverages and these were {resenbed mternallv to 
fortify the body against such mishaps The use of ( hemica! 
liU mercury ^or lesions which were probably syphilitic 
goes far back in medical practice The value of quinine in 
malaria was folk lore m many countnes without the benefit 
of medical science 

It was not until the causative organisms for infectious dis 
cases began to be foun 1 tnthe 1870 s and 1880 s that this prob 
Icin was attacl ed sciennficalK and svstcmaacally and while 
one group of inve ngators attempted to solve the problem by 
active immvn ration with vaccines and another by passive 
immunization with sera a third group led by Ebrlicn ably 
supported by Hita and Kifisato tried to attack it by means 
of chemicals and Thrlich has been generally recognized as 
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HISTORICAL DEVELOPMENT 


L\er Since It was suspected that certain discises were 
caused b) living, organisms efforts have been made to destroy 
those organisms or prevent their activity b\ the local appli 
canon, or the general administration of medicines The dc 
velopment of infections in accidental wounds was observed 
and described as far bad as recorded history and the Egyptian 
papyn record elaborate presenpnons for the treatment of 
these surgical infections The earlier efforts were chiefly con 
fined to local applications of various infusions of herbs or 
alcoholic beverages and these were prescribed internally to 
fortify the body against such mishaps The use of chemicals 
like mercury for lesions which were probably syphilitic 
goes far back in medical practice The value of quinine in 
malaria was folk lore m many countries without the benefit 
of medical science 

It was not until the causative oi^amsms for mfecDous dis 
cases began to be found mthe 1870 sand 1880 s that thisprob 
lem was attacked scientifically and svstcmatically and while 
one group of invesngators attempted to solve the problem b\ 
active immunization with vacanes and another by passi c 
immunization with sen a third group led by Ehrlich ablv 
supported by Hata and Kitasaro tned to attack it by means 
of chemicals and Ehrlich has been generally recognized is 
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the Father of Chemotherapy His lone extended labors 
w ere not x ery successful \mh bactenal inAcnons and it x\ as 
only as a culminauon of years of study that he finally sue 
ceeded in finding in sthtrsan a new and better cure for 
syphibs Ehrlich hoped that this would open the door to 
greater successes and in 1913 at the Seventeenth Interna 
tional Congress of Medicine in London he said I mi ht 
without bein" set down as an optimist put fonvard the view 
that in the next five years we shall have advances of the highest 
importance to record in this field of research Hov ev er in 
the next year the first Morld War broke loose scientific 
researches and imesnganons were abandoned and before the 
w ar was ov er Ehrhch was dead 

Although Eluhehs success was largely with the hi<yher 
forms of parasites spirochetes and protozoa a beginnm 
had been made in the chemotherapy of bactenal diseases 
Hata recognized the importance of thorough knowledt^e of 
the growth rccjuirements and cultural characteristics of the 
causative o^anisms and of the pathogenesis of the diseases 
within the human body and the expenmental animal He paid 
this tribute to those who had iniuated the science of bac 
tenology Had there not been the bnlhant works of Lister 
Pasteur Koch and many other Ehrhch s results would never 
hav c been obtained 

Koch Behring and others had been unsuccessful m their 
attempts to find chemicals which would be effecti e as mtema! 
disinfectants against bactenal diseases and had about come to 
the conclusion that it w ould be impossible Hope w as rev tv ed 
hovve er when Morgenroth found quinine to have sonic 
therapeutic actnitv in pneumococcus infections and both 
German and Japanese observers noted that salvarsan had a 
curative action m cases of human anihrxx Ehrhch and Hata 
found that certain chemicals ere verv much v eakenel in 
their bacteriostatic action b\ contact with serum and thev 
concluded that dnnrs capable of mtcrnal disinfecti n must 
be able to act as etfectivelv in serum as m saline They also 
observed that chemical substances seemed to ha e a erv 
peafic action on different speaes of bacteria Thev bel ev ed 
tl It infections w hich ere characte ized I \ localized proc 
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esses Y\ould be most successfiill\ treated by local disinfec 
tion with a specific disinfectant 
Their studies had led them to m\estigatc the various dyes 
particularlv those of the acndme group Ehrlich found that 
me of these acriflaime had a powerful lethal action on trj 
panosomes and Neufeld found that it was effecm e against the 
pneumococcus and the chicken cholera bacillus and that it was 
not inactivated in the presence of serum They also mves 
tigaced the tripheny Imethane djes but found them in general 
to be too hiohlj irritating to the human tissues In 19 1 Hata 
made this wise remark The choice of methods of treat 
ment the size of dose or the avoidance of ill effects from the 
drug may require even more hard labor on the part of the 
clinicians than the originators of the drug used m its prepara 
ri m 

Fallowing the war the study of the dyes was tal en up with 
aviditv both in England and in Germany Browning became 
fne of the chief advocates of various dyes particularlv for 
local use in the treatment of surgical infections and in the 
prophylaxis rf wound infection bur Fleming cautioned 
a<»ainst their use because of the damage w Inch resulted to the 
imderlving tissues and the interference with the phagocytic 
function of the leukocytes Nevertheless these dyes were 
w idelv used and in the course of the next few y ears acn 
flunne gentian xiolet and viercrirochrome achieved populanty 
and were credited with the cure of numerous cases of hemo 
lytic streptococcus and Staphylococcus aureus septicemia 
Hugh \oung and his covvorkers m Baltimore were the chief 
adv ocates of the intrav enous injection of mercurochrome and 
of gentian violet in septicemia and local infections \oung 
compiled 680 cases which had been so treated with unusual 
success Many laboratory studies were made which seemed 
tf give a rational basis for dye therapy and the favorable 
clinical reports w ere legion On the other hand other authors 
' amed ao-amst too sanguine hopes from intrav enous dv c 
tneripy Some found no evidence of intibactenal action in 
tie blood of animals injected with mercurochrome vhile 
others demonstrated damage to tissues and organs in autopsies 
on treated cases Those who reported failures concluded 
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eitlier that the treatment was ineffectu e or that it w xs dirccth 
harmful and luitencd rather than pre\entcd death Mam 
others maintained that the dm be anie highlv diluted when 
injected intrat cnousl) had selcctne aftimt) for cenam tissues 
and M ere thus dn enej fn»n their action on the hacrena 
These difficulties were not overcome b\ the mtra arterial 
injection of these drugs The d>es thus injected and pre uni 
ablj suffused into the infected focus m a concentrated fomi 
had no fa\ orablc action on the infection but rather intensified 
or prolonged ir and the d> es w ere picked up by the In er and 
kidnevs where thej invanatlv produced focal necrosis 
Gradualh clinical evidence be<»in to accumulate \ Inch 
tended to convince cver\onc tlut these dves were I oth mef 
feeme and dangerous and thev have finall\ been abandoned 
In the meanwhile workio" on a different pnnaple a 
chemical a ent was found uhch was nontoMC t local 
tissues and to the bodv as a whole which would liberate 
o\\gen so sff wfj that when topical!) applied to infected stir 
faces It w ould raise the oxidation reduction potential of the 
siirroundm<y tissues to such a des^ree that gro ' th of organ sms 
particularh those susccpublc to peroxides v ould be pre 
vented their toxins macmated and the anaerobes and micro 
lerophilcs would be prompti) dcstrO)ed This agent w as jffc 
peroxi 1e and its v alue w as soon made mamfest m the treatment 
of anaerobic infections and in the prevention of infecnon in 
wounds known to be or likclv to be contimmated v ith an 
aerobic organisms An important shortcomin of zinc peroxide 
IS the fact that it cm { e used onlv is a topical af»ent n open 
w ounds 

THE SULFOrtAMIDES 

The search for a more effccti e and less harmful djc con 
tmued and in 1935 Domaj,k tentamelv and cautiouslv pre 
sented his experience vifh a ne azo dve v hich hf called 
Prontosil ind w Inch he bad ft i nd to be effe tiv e w hen gi en 
bj mouth a'^ainst man\ lethal d ses of hemolvtic streptococci 
injected into the peritoneal cavities of mice 
Doma<»ks results vere not mimcdiatel\ followed up m 
Cermanv but Cblebrook in Fn land confimicd his results on 
animals ind ciutiouslv appbed the dru<» to tl c distress ng and 
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difficult problem of hcmol>nc streptococcal puerperal fever 
Such cases in London as de\ eloped m the home or in other 
hospitals uere isolated m Queen Clurlottes Hospital under 
Dr Colcbrool s care where he had the unusual opportunity 
of studying a large number As his experience accumulated it 
was clearly demonstrated that he was able with the use of this 
new dye not onlv to lower the mortality of the disease sig 
mficantly but in those cases which survived to mimmize the 
intraperitoneal spread of the infection and shorten the period 
of illness The use of the drug m the prophylaxis of this 
disease in cases showing evidence of antepirtum partum or 
postpartum contamination with the hemolytic streptococcus 
naturally followed and it was then cautiously applied by 
others to other tv pcs of hemolytic streptococcus infections 
both medical and surgical * 

Meanwhile certain French observers had demonstrated 
that the activ c element of the dy e w as a simple colorless chem 
ical para amino benzene sulfonamide which was later given 
the simplified name nilfainlmtide 
It was soon evident that this new drug would modify the 
course of various types of hemolytic streptococcus infections 
■ind if given in the early stages before there had been any 
lircaldown of body tissues there was frequently a pr nipt 
resolution of the process It was found that cases ( f hemolytic 
streptococcus pcntonitis so often fatal could be brought 
under control promptly and heinoly nc strept icoccus mcnm 
*^ 1:1 almost im ariablv fatal could frequcntlv be cured It w is 
not long before the drug was widely used bv cvervone— doc 
tors phmnacists and pitiems themselves for every type<f 
infcctic n w ith jut m-ihing any attenij t to find the cm 1 
me organism One frequently heard doctors sty I didnt 
1 now w hit It VMS so I tried sulfamlamidc 

Jt w 1 then < b erv ed that minv cases of tmhnow n ctioh 
fulcclt rep nd to ulfinihmide thcrij \ ind toxic minifesn 
n ins 1 Cl, ill to be reponed W hen cultures w ere tahen ir w as 
listovcrc 1 tl It ulfmihmi tc V i <fn ivail in pneumt c ic 
t il n nhcmolv tic strcptococcil or Miphv lococcil infections 
With rc jcct to the (ncumoctccu tins wis surjinsinf^ be 
cm c that orginisni usually pro luces i diffuse cellulitis f the 
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lung without a rapid breakdown of tissue \\ ith the staph) loc 
occal infections on the other hand the early breakdown 
of tissue u as thought to be a major factor in the madeqiiac) 
of the dnig to halt the process Abscesses w hich formed dur 
ing hemoly'tic streptococcus infections still required surgical 
drainage The drug could often be demonstrated in the pus 
and frequently a culture of the pus w ould be reported stenle 
although ontanisms could be seen m the stamed smear If in 
such a case the drug was stopped positne cultures from the 
pus w ould reappear In the cases of cellulitis w ith or w ithout 
localization early cessation of rhe drug rrearmcnr y ould often 
result in an cxiccrbation of the process 

M d f Act 

It was not long before n large number of indi idual in 
different laboratories proceeded to study the mechanism of 
action of the drug on \arious biaena and the behayior of 
the drug m the body The contributions of Marshall in the 
pharmacological study of sulfanilamide were outstandintr 
Ac the same time efforts ycre being made to find some den 
iti e of the dru<^ which would hate a wider range of anti 
baccenal action and less t< \icity 

The well kn > n annseptics parncululy the salts of mer 
ti n hay e » yy idc nn«'c of bactcncidal action I uc they are 
protoplasmic { oisons and arc aliiosi as potent nst body 
tissue cells as a«Tainst bactcnal cells furthermore their bac 
tcncidal property is often inhibited by the p esence of body 
fluids The early antiseptic d)es were perhaps more speefic 
but often had a predilection for certain tissues of the b dy and 
w ere toxic to these tissues as cl! is t the 1 er and kidney 
Sulfanilamide ho ever w a found to be / icie wwnc rather 
than bactericidal fairly spec fic n us acti n and h ghiy ef 
feern e in serum In fhe rest rube ir c uid be depended npo i 
to inhibit the gros th of small ni mbe s f hemoly’tic trep 
tococci in concemranons shich are reached in the Hood 
\ hen the dm" i gi cn by m uth niin 1\ 1 ur M) me jer 

100 cc Hos cser this same concentration could n r stop th 
ttro 1 th of Jarcc nunil ers of rgan s n Fi rth rmore ts I ac 
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tcriostatic or bactericidal effect could be frustrated by the 
presence of peptones in the medium 

It was obvious that some mechanism must be at work m the 
body other than a direct bactentidal action of the drug 
on the organisms W hen it is remembered that m any mfec 
tion of the body due to micro organisms there is a struggle 
going on between the offensive forces of the organism and 
the defensive mechanism of the body when drug therapy is 
being considered the reaction of all three of these factors upon 
each other must be carefully studied The body may injure 
or destroy the bacterium the bacteria may injure or destroy 
the body The drug may injure or destroy the bacteria or they 
may inactivate or destrov the drug The drug may injure or 
destroy the body or be inactivated eliminated or destroyed 
by the body The ideal drug or antiseptic would be one which 
w ould destroy all of the organisms pathogemc for man and 
y et not injure the local tissues or the body as a whole When 
these criteria were applied to sulfanilamide it was found that 
the drug has a bactenostatic effect on certain species and small 
numbers of bacteria that small numbers do not inactivate the 
drug but large numbers do so The drug does little if any 
damage to the local tissues but may cause sev ere toxic symp 
toms on the body as a w hole Normal tissues absorb the drug 
without nltcnng it but dumped msuc or put tnbibits tic 
Irug 

1 he specific nature of this inhibition by pus or damaged 
tissue IS not 1 now n but is thought to be due to the presence 
of pept incs for in the test tube these split producTs of pro 
tcin have been shown to definitely inhibit sulfonamide bac 
rcnostasis In the meinv hilc a specific inhibitor of sulfanil 
iinide w IS fi und in i rclitivciv implc chemical compound— 
pxTj annn lev^ic acil This Inic is not v ery different in 
Its chcmicil mil>e up fri m ulfamlamidc and at the same time 
is kn iwn to I e iitih7cd 1 y bictcm in their ern ah pr cc e 
It IS possibly a consntucm of all animal proteins 

In order to gam a foothold in the bodv tissues or iiiulaplv 
in culture media bactena must utili7C the nutrient elements m 
the inimcdi uc cm ifonmcnt 1 hisutiliration is accomplished b\ 
the action i f cti ypi s These en/v incs digest or change the mi 
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tnent elements into simpler substances which can be absorbed 
and utilized b) the bactcnal cell If the metabolism of the bac 
tenal cells were the same as that of the tissue cells the\ could 
go on living like the bod) cells m a perfect S)'inbiosis but 
bacterial cells have the habit m most instances of rapid mul 
tiplication and man) of them excrete poisons or touns w hicli 
ma) be cntir ly incidental to their grow th processes but w hich 
ma) destro^ the tissue cells and phagoextes m the immediate 
environment An) thing which can present the utilization of 
the surroundin'^ nutrient elements b) the bactena w ill prev ent 
their muloplicafjon Para ammo benzoic acid is a substance 
known to be one of the requirements for bacterial gros th and 
Its structural similantx to sulfanilamide has sufrcrcstcd that the 
latter may be taken up bv the bactena! cell b) mi take in the 
place of para ammo benzoic acid Tlie bactenal cell then not 
temg able to utilize the dnig fails to mulnpl) and either dies 
of Its malnutnnon or falls an east pre) to the pha<’oc)tic 
acti It) of the leukoc) tes Thus the sulfonamide drut^s do 
not directl) kill bactena butonl) interfere with their nutri 
non 

Ocher theories of sulfonamide action arc based upon evi 
dence of aM ev yme lemiS) One of these thcor ex i built 
on the obsen anon that the dru<» inacti ates catalase w hich 
normall) acts upon the h)dro<»en peroxide which is elaborated 
b) the bactena and which if free to act desrn>)5 them One 
difficult) xvith th s tlicorx is the fact that some bacteria whici 
do not form jcroxidc arc sisccptiblc to sulfnninil s On 
would expect that if this hxfothe is i ere correct ic xi I 
izing a'^ents would atimiicnt the a non f the iilfomin k 
and there is some cxidcnce that this is tnic The c i li/in 
i«Tents ma\ ho lexer macti atcmhihitir of uJf iiiniik ft 
tion and therebx au<nncnt the effect cnes if tl c Iri'' 

The search for other dcnxataxcs of the sulfonimide grou| 
xhich might ha\e a wader ran^e of acu irx resulted in the 
disco erx of nd/Jp^n/me which is effeeme af^ainsr the hem 
ol) oc streptococcus the pn umococcus the gonococcu and 
memnt^ococcus and siilfatl i ole \ hich is acn c " nst these 
otgamsms and is a! o r i i certain extent effecti c g n t the 
staph) lococcus and the anacrob c closer d a These t o drugs 
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are more toMc than suHanilanudc due largely to the fact that 
the acctjlated forms of sulfapyridine and sulfathiazole are 
considerably less soluble m the urine than the free drugs and 
often crystallize out in the tubules of the 1 idney thus block 
ing the outflow of unne This has occasionally resulted m a 
fatal outcome The acetylatcd form of sulfanilamide and 
sulfadiazine arc more soluble and less 111 cly to blocl the 
1 idney though cases hate been obserted of anuria with 
sulfadiazine 

Sulfadia me the latest derivative seems to have an even 
wider range of bactenal activity and at the same time seems 
to be less toxic than the others It js less nauseating and there 
fore more acceptable to patients and interferes less with the 
intake of food Experience with this drug has not been cx 
tensive enough as y cc to determine its clear indications or its 
limitations 

The phaimacological study of these drugs has demonstrated 
that they are all rapidly absorbed from the gastro intestinal 
tract chiefly from the small intestine When giv en by mouth 

?eak ley els are found m the blood within four hours except 
or sulfadiazine w Inch reaches its height in six to eight hours 
They pass through capiUancs readily and reach concentrations 
in all body fluids similar to that m the blood 
For some reason not yet understood sulfathiazole docs not 
penetrate the central nervous system as readily as the other 
drugs Its concentration in the spinal fluid being only one 
hilf of that in the blood The drucs may be found two to 
three times more concentrated m inflammatory exudates but 
ibcir action is inhibited bv these exudates 

D sag i 

bairly cm cant blond levels of sulfinilnmide and sulfadn 
zinc cm be maintained In oral idmmistntion It is more diffi 
cult w ith sulf ip\ ridtnc md sulfathiazole The lev cl is modified 
considcnbU b\ the vtiume of unne fl )\ and the cfiiciencv 
of the kidneys 

\\ itli an intake if 500 cc of fluid and a urine output of 
about 1000 cc a sufficient and safe blood level of sulfanil 
amide mav usually be maintained with an initial dose of 0 1 
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gm per kilogram of body m e^ht and thereafter the same dose 
in Client) four hours dnidcd into parts one pan being 
giien eicry four hours It is usually convenient to make the 
daily dose for persons of average vvci«»ht 1 gm every fiur 
hours TJus generally results in a blood level vnth sulfanil 
amide of <5 to 10 nr*- per 100 cc Levels as high as this v ith 
sulfap) ndme or sulfathiazole may require infra emus adunn 
istTJtion of the sodium salts given slovil) m 5 per cent solu 
non Sulfadiazine ma) be sa^ly given m doses of O’ to 0 J 
mg per kilogram of bod) weight and lev els of 0 to 30 mg 
per 100 cc ma) be readil) reached This mav then be mam 
tamed by lower doses because of the slower CKcretion of 
sulfadiazine 

^Vhen sulfanilamide is deposited on exposed tissues as a 
ponder It IS found to be readil) soluble m the tissue fluids 
and mav reach the concentration of IJOO mg per 100 cc of 
blood It is readil) absorbed and is all gone in tv o or three 
days Sulfathiazole and sulfadiazine are much less soluble in 
local fluids reachin» a level of not more than 100 per 
100 cc of blood and the) are much more slowlv absorbed 
The latter dru<»s tend to produce more forei'm bod) tissue 
rcacti in thin sulfanilimidc 

T R cf 

The roMc react ons of these drags are sulfictenT to contra 
indicate their indiscriminate use Sometimes thev deichp 
promptiv iirdicatiniT an ihosvncr s\ >n the part of the pa 
tient Usually however they appear in the econd week of 
administration 5i///(ini/7//n/e frequently causes cyinosis an 1 
less frequently anorexia nausea and omitinf' mem 1 aberra 
tions depression and hallucinations After five days fever may 
dev elop xv hich has to be differentiated from a recurrent ac 
ti It) of the infection TTie red cells may fall slow ly or 
abruptly and occasional!) there sase ere hemolytic anemia 
The w hite cells also may drop rapidly and a true amanulo 
cytoss may develop ihch may pro e fatal if not observed 
promptly and if the drug is not immediately stopped Hep 
arms with jaundice s rare but when it does occur it is a 
serious toxic man fe tati n which may be prolonged for days 
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or \\eeks The toxic reactions usually disappear rapidl\ with 
a withdrawal of the drug but fe\er may continue for several 
da)S If hepatitis develops recovery may be very slow indeed 
Sulfapyrtdme gives all of the toxic manifestations of sul 
fanilamide and besides extreme nausea and vomiting which 
often makes the patient rebel against taking the drug Sulfu 
tha ole and sulfadta^we have therefore largely replaced sul 
fap) ridme and the latter may gradually drop out of use Sul 
fathiazole is less nauseating but is more apt to cause a mac 
ulopapular skin rash or erythema nodosum Sulfapyndme and 
sulfathiazole are chiefly dangerous because the acctylated 
forms of these two drugs are more or less insoluble and result 
in blockage of the lidneys as mentioned previously It is a 
fact of considerable interest that apart from the renal compU 
canons sev ere toxic effects of sulfonamides occur v ery rarely 
among patients with active invasive infections 

Fact S cees f I T tma t w th th S U m des 

Birring the toxic manifestations which occasionally occur 
ind must he watched for m every case the successful use of 
these drugs depends upon a number of conditions which ha\ e 
been sugi,csred by the preceding discussion These may he 
listed IS follows 

1 Th concc tration of the dnj« transp rted to and main 
ta ncd n the area f infection 
The dur t on of the t eatmetii 

J Tl c rclat e number f bactcra involved n the proces 

4 The susccptibilitv of the ca sative organisms t the sul 
fonamide used 

^ The n unt of tissue breakdo vn 

6 The al litv of the bodv to remove or destrov the inh bited 
1 etc la 

AicjJiJte doSJgc o ct a long enough period of tivie is of 
considerable iniponancc Larger doses arc now being used 
than in the beginnmf^ because they have been found to be 
tolerate 1 in the majority of cases and if all of the toxic 
manifcsntions are w atched for the drug can be decreiscd or 
stoppe I m time Recurrent infection after the drug has been 



490 rR.\XK L MELEStT JOHV S LOOCWOOD 

Stopped IS frequent uith certain organisms ^vblch are not ver) 
susceptible eg the staphjlococcus Not infrequentl} the 
presence of abscesses in the brain in Xidne^ Or in bone has 
been masked b\ the drug and thev may appear lonf^ after 
the drug has been stopped 

A goo i blood supply b of course of the greatest importance 
in the transportation of the drug to the site of infecuon 
If there is already an abscess ca\it) with thrombosed blood 
\ essels in the w all the dru»s cannot be cipectcd to get in in 
sufficient quantitj to destroy tlie organisms and the necroac 
tissue jnactnates the drugs Such localization of infecaon 
requires surgical inters ention The conunued use of the dru<^ 
maj then protect the periphery of the lesion and the body as 
a whole 

•\s the ne cr sulfonamides have been added the ran^^ of 
effectiveness has been gradually increased Sulfadiazine sp 
pears to be effeenv e a<^ainst most of the types of bactena w hich 
are susceptible to other drugs and to others besides It is 
nevertheless important to deremune as soon as possible b) 
careful lacteriologtc studies the etiologic aoent m anj infec 
non and then use a medication knorni to be potent af^nst 
the organism in question If organisms are present which are 
not susceptible to anj of these drugs other methods or medi 
cation must be cmploj ed This apphes particularlj to the local 
treatment of anaerobic infections in which zinc peroxide may 
be more cffectiv c than anj of the sulfonamides 

S If m de Th py R I i t S 9 IP d 
It must be remembered that sur ical infections are dis 
tinguished from medical infections chiefly bj the fact that 
the) are local processes usuallv associated with a breakdown 
0/ tissue The bacrena causng surgical mfccnons are the 
p) ogemc or necrotizin'^ o^anisms 

Suigical infections also iccur m operau e wounds or in 
acadental v ounds It is true that infecnon frequcntlv spreads 
from the onmnal portal of entij to other parts of the body 
but even then the oronnisms tend to produce local areas of 
necrosis In staphy lococcal nfecnons particularly a suppura 
tiv e thrombophleb tis in the ne ghborhood of the nfection 
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nil) be a constant source of dissemination of organisms into 
the blood scream 

When localized suppuration or necrosis takes place there 
must almost alu aj s be a surgical procedure and \\ hen there is 
an indication of thrombosed blood vessels they must be ligated 
if possible If it IS not possible lo ligate such veins the use of 
iieparm must be considered in order to pre\ ent propagation 
of the infected thrombus It has been well said that the sul 
fonamidc drugs will often do what sur^^ery will not do and 
vice versa surgerv will do what the drugs cannot do The\ 
must usuallj he used m conjunction In traumatic wounds 
damaged tissue and foreign bodies must be removed as com 
pletely as possible before the drugs arc applied 

It IS possible that later experience with 'un ’u.ounds will 
prove that a compromise may be made and that with the use 
of the drugs a less radical operative procedure or a less thor 
ough cleansing of the wound mav be done succcssfuUj but 
this IS not supported bj anj actual experience which we have 
had with these dru<fs The greatest usefulness of the sulfon 
amides in military surgery will be m helping to prevent 
contvniitated wounds from changing into infected wounds 
There is no reason yet to predict that sulfonamide prophyl 
axis Will permit safe primary closure of war wounds regard 
less of other circumstances However a wound which has 
been treated early w ith a sulfonamide w ill probably remain in 
condition suitable for debridement for many hours 1 his w ill 
constitute a real adv ance because durmf^ W^ar I it 

was found that wounds more than twelve hours old after 
contaminatinjT bacteria had started to multiply were poor 
sill jects for debndcnient and usualiv become infcctc 1 
The current literature contains many amcles reporting the 
use of these newer chemotherapeutic agents m the treatment 
of surgical infections One is strucl b\ the absence or the 
inadequacy of the bactcnolo"ic studies m most of these re 
ports as well as the absence of controls It should be empha 
sized that the use of these dni^s m some infections is still in 
the cvpenmental stage and it is essential that the data pre 
ente 1 I c statistically sigmficant It is of the utmost impor 
tance to liav c a complete bacteriolo^ic analysis of infections 
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treated ^\^Ih these drugs in order that uc maj be able to 
find out just uhat they arc able to accomplish 
During the past fi\e jears m the Presb)tcnan Hospital in 
New \orlv and in the Hospital of the Unnersit) of Penn 
Schama in Philadelphia, the ne ter chemotherapeutic a enrs 
ha\e been emplotcd with steadil) increasing frequency in 
surgical conditions The largest groups numencall\ are post 
operaot e pneumonia peritonitis pentoneal abscess cellubns 
ulcerations of the skin and posroperaDre cj stitis and proph\ 1 
actitalK in resections of the bowel colostomies accidental 
wounds and burns \ number of cases which arc illustrati eof 
the method of treatment and the results obtained arc appended 
herew ith 

ILLUSTRATIVE CASES 


Ca 1 S pp at e Arth I f Stem cl I J t A ec f d 
wth S bp !>• I Abseatt f Cla da 1 $ d Da ge 
S If th a I Tha py 

A f rt\ four\cr-old ht mn $ admitted on ■^umist 
7 19-10 on accou it of pain and s tell ^ in th re ion f the 
n ht stem ch cuhr j t H phys an h d been t eatin her 
for n o d 1 s w ich sulfathiazole in uncerta n d es She h d a 
se\ r chill just befor admss n. Temp rature 103 6 F pulse 
116 respirat r\ rate 8 hite blood count 16 000 
SuJf thiazole as scart d thn tldeof«»gn folio ed 
by 1 ‘^ram ey ry four hours On the f !lo i d the i fl m d 
area s ctplorcd and proved to be s ppurati e nhnt f 
the stemoci cuhr jo t, c t d th a s bpenosteal bs ss 
of the cl ucle Blood culture a postti e for St ph\ 1 c cc s 
aur us (c milasc p t c) and (he s me organinn as re ov 
e d f om th ound FoIJo g nc s n and dr na e th sul 
fath a olc v as cont nued at a d f 1 g am e rv four hours 
m mt nin'T a bio d le cl at ab t 60 m per 100 cc R p d 
mpro n enc f llo d nd b\ the fourth dav n nn 1 I e f r 

t wp raru e p Isc and esp r t n s er eco ded 

Th re later rred ma L d nd larm n" ondaiy r se i 
temp ru h eh lat proved to h been due at 1 ast m 
•\\ dbd DlSRdfthp lege f portine 

Cases I U tid HI h h vt trea d fi sen h ffKp I ( 

thU rsnfPsvI Phid Iph Th in 
fre d h S m al Sen f ch P esb run 


Ho'p al N \i Tr I 
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pan to sulfathiazole mtowcauoo as CTidenced by the simul 
taneous appearance of a rash resembling erj thema nodosum 
Sulfathiazole uas d ^continued on the ninth postoperative da\ 
after the temperature reached 104 6 F 2nd the pulse 1 10 The 
fe er then disappeared Ho ever four days later a second rise 
in temperature occurred which could not be attributed to the 
sulfonamide On this occasion there were signs of recurrent in 
fection and cellulitis in the ound apparentlv reactivated as a 
result of withdra al of the sulfathiazole Folios mg revision of 
the drainage wound the patients temperature a a n returned to 
normal SI e as d schargcd on the thirty ninth day with a v ound 
which was still draining Complete healing subsequently oc 
curred folio ving e trus >n of a sequestrum 

C 11 Append cltwlhPrf 1 fi dP rifo 1 1 P slope 1 
S [fa lam d Th py Res If g C e 

A seyenteen year old hi^h school boy came in on JsJ'uary IS 
1940 compla ning of abdom nal pain of eighteen hours duration 
E\aminat n showed <veneralized abdom nal tenderness more 
marhcd on the r^ht acute reb und tenderness and rij^idity of 
the muscles 0 the right de Temper ture 101 ’ F pulse 110 
white blood count 18 000 

At operation tl rough a McBurney incis on under sp n 1 anes 
t! es 3 the preoperattve d g osis of appendicitis w th perforation 
ind pent nitis \ as cf nfirn cd The appendii w as m retrocecal 
p sition and a considerable amo i of creanj green pus \ as 
present around a hree perforat n at the tip Turb d fluid was 
a pirated ft nv the pcntoncal cavity Parietal and vi ceral pet 
toneum in the etp ed area a th ekened red and h) per n c 
Appendectomy w th drainage vas perfom ed Aerobe culture 
hewed B c !i and n nhemoKiic st eptococcj 

After operation the pul c rate r se to P8 and tei iperati re to 
1018 F Pen tal a deiimtely suppre ed S ilfanilami le ther 
apy as tute \ t once the p i cm rccci in^ 00 cc of n 0 8 
per cent lution of the drug n sal ne every six hours for 
loses, folio ed by 150 cc every six hours for six do es Ten 
jcraturc an I pule Ir pped si l\ ly lysi reach 1 n r 1 
Ic el n the third postc perame day lly this t 1 e per lals I a 1 
returned active]) the patient was pass ng gas and as free of 
cximpl nfs ffe was ouitc c\ notic d nn" the course f s Ifan 1 
am Ic therapy I ut this y as disregarded " lam de 

coni nue I for t e of 1 si 
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The drams were ail removed bj the sev nth daj nd the wound 
healed v ithout compljcaiions ^aent wa discharged on Januarv 
31 1940 

(hole At the present umc it s our pract cc to deposit 4 to 
^ wm of crj stall ne suifamlamide in th peritoneal cavm and 
abdominal w ound m eases of this tj pc Funher doses of sulfanil 
amid solution are admin stcrcd according to th plan folio ed 
in the above case ) 

CsellISp d gCelMts fThgh dGo fP bbleStrpt 
c al O g Cure w th Sulfan I m de 
A woman a^ed tv eit\ seven vcars ho had b c nursmg a 
patient vith a severe streptoc cal pb rvn its developed a dif 
fuse and spr adin ceHu) tis of the left upper th h and g m 
around a irvial scr tth No open lesi n from v hich a cuitvire 
could be taken as present Fever rose t 10> F th a dull 
and prostration v as tnvked SulfanilamnJe v s started on the sec 
ond dav Twentj fourhours lat it was apparent that no Jurther 
spread had tal n pi ce On the thrd d v the tewpf ature was 
normal and the si ns ol the ccUults had virtualK d pptar d 
No localized uppurat n occurred Blood Jrurcs r m ned neg 
ati The init al dos f sulfanilani de w s 4 grams folio ed 
bj 1 "ram ever\ four h u s until the le n \ as delimt l\ under 
control Th re fter th do e as r duced slov h and pro res 
s Ij a d linallv disc ic nued n the s enth d \ F o trans 
fus ons of fOO cc of h Ic 1 1 I e c id n stered n rd to 
c rrcct a inild n m a 

C IV Ac t Hem !yt c St pf e el UI a B its R ol 1 " 
FllwgSgry dSW JmdTh spy 
J M a pi mber frtjs \cr f " hdp nctured the 
j aim of his n ht hand ith na I or i r fort) c ''ht ho n 
1 efore d n ss Siv ho rs fter th in) n the h d began t 
pa n and s cll a d h rtlv thcr ft r h h d vl k ch 11 On 
c\am n t on the pun t e hoi as fou d )ust pro im 1 to th 

1 St 1 transv rs fl \ o reasc of th palm r the tendon t 
the fourth hn er It a een to be rudui" me th n purule t 

exudate There as s cll n® o er the vil ar bursa b t ot o e 

the httle H "er At p r t on t fo nd that th p nctur 

ound I ad e tered tl e d t I port o of tf In b rs Th 

bur d d not e tend up into tl 1 td fi gcr n t c n cct d 

u th the rad al bursa It d 1 h r t 1 i p ab th 
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wrist The puncture wound was excised and the ulnar bursa 
opened in the palm to the radial side of the hypothenar muscles 
and abov e the wrist at the ulnar mai^ n of the pronator quadratus 
The culture jielded a hemoljtic streptococcus The patient 
was given 5 4 gm of sulfatulamide b\ mouth on the first daj 
4 S gm on the second and third days and ) 4 gm on the fourth 
day His temperature was 1004 F on admission and steadily 
mounted to 103 6 F on the fourth daj The urine revealed 
sugar The blood sut^ar was 198 mg per 100 cc but was brout^ht 
down to normal with diet and insulin The hand promptly and 
steadilj improved In the face of the rising temperature a diag 
n SIS of drug fever v as made and the dru<T was stopped Still the 
fever mounted— 104 F on the fifth da) 104 8 F on the sixth 
daj and 106 F on the seventh daj On this day the sulfamlamide 
blood level was 2 S m per lOOcc The patient was placed m an 
0 )gcn tent H s temperature then fell bv crisis and was normal 
two dajs later and stayed normal thereafter The hand improved 
stcadil) and the function was completely ttstoted The wound 
was he led on the sixteenth daj 

The case illustrates the rapid resolution of an acute hem 
olync streptococcal ulnar bursitis of forty eight hours dura 
tioii following adeouate surgery and four days of moderate 
dosage yyith sulfanilamide In spite of that the patient devel 
opcdascycrc drug fever which continued to mount to 106 F 
two days after the drug was stopped It fell to normal m the 
next forty eight hours after the patient had been placed in 
an oxygen tent 

C V E ly 0 Rwe Pe t t F Ue-*. g P rf at on el Appe d 
T atme t w Ih S If I m d Locally at Ope at a d S If 
d e Ge lly 

J S a c rl fourteen years of age had had a nineteen hour 
\ St ry of cpif^astric pa n shiftin" to the right lo er quadrant 
On c animation the ri ht rectus muscle as found to be in 
pi n vich d rect and rebound tenderness over the rmht lov er 
]u drant At operation the ppcndix was fo nd to be markedlv 
mflanieii c )v ere 1 \ th f bnn and perforate \ near its middle 
There w a lar^c qu m ty cf turl d flui I free n the pentone 1 
ca ity There was no evidence of localizautn The append x v as 
remove 1 and the stump I ated F e gm of sulfanilam de w ere 
spnnUed in tl c per t nca\ cavity particularly around the appen 
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The drams were all removed b> die seventh daj and the ound 
healed v thout compl c tions Pan nt was discharged on Januarv 
31 1940 

(A ore At the present time ic s our pra tice to depost 4 to 
6 gm of crvstallme sulfanilamide m the p r conea! cavin and 
abdominal v ound in cases of this^pe Fuiwer doses of sulfanil 
amide s lot on are adm nistered accord ng to th plan folio ed 
in the above case ) 

C III Sp d gCellti tThgh <3G fP babi St pto 
ccal O g Cure w tb S tf tarn d 
A \oman aged tv ent) se en jears \ ho had been nursmg a 
patient with a severe strepi coccal ph r>n is de eloped a dif 
fuse and spre din" ccliulitis of the left upp r thi^h a d roin 
around a tri al sc tch \o open Ics on i m hicb a c Iture 
could be taken s pre ni Fe c rose to 10> F th a chJk 
and prostr tion s ma ked Sulf nibn de v as started on the sec 
onddav Twent) f lur hours I tent \ $ apparent that no further 
tptead h d t k.cn pi ce On the th rd dav the tempetatute w s 
normal and the st"ns of th ccllul tis had irtuallv d sappeared 
\o localized suppuration occurred Blood cultures remained neg 
an e The initiar dosa" of s If mlatnide as 4 ? ms folio ed 
bj 1 gram cverv four hours until the lesi n as definitelj under 
control Thereafter the dose s red d 1 v 1) and pro res 
siv h an I finalh disc nti d n il c se enth d j T o trans 
fusions of 500 cc of v I Ic bl o1 c dn ste d n order to 
t r ct 11 Id anem a 

C IV A 1 Hem lyf St pto I Ul B s t j Re 1 t 
FllwgSgry dSK ImdTh py 
J M a plumber f rtj $l jc is of pc hal punct red the 
palm of his n ht h nd th a n I or ir for^ c "ht ho n 
I cforc admis n Si\ h ir* fter the inp rv the hand be n t 
pain and s ell nd h nlv th reaft h h d h kin" ch II On 

ctam nat on the pun tu hoi as f und J t p im I to the 

1 St I transi ersc Acs on e e f the p Im er th t nd n t 
the fourtl fin er It s cn to b exud n some th n purulent 
exudate The e as s II o c the u! r burs b t not er 

the little fin r At pent on it was f nd th t th p ncture 

ound had e tcred tl d t ! p rtion f the I r b rs The 
bursa d d not e t nd up into the I ttl fi e r n t nn t d 

w ith the radial bur i It did h ev ext n 1 up b e the 
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The patient ^'as put m an o\jgen tent and the administration 
of sulfath azole Mas started 1 gm etcry four hours This Mas 
continued for five days The blood levels of sulfathiazole Mere 
1 m per 100 cc on the first day after administration and 4 mg 
on the third dav The temperature came down by lysis and the 
pneumonia promptly cleared After the sev enth dav the conv al 
escence Mas smooth and the patient left the hospital on the nine 
teenth day 

This case illustrates a typical case of postoperative pneu 
monia involving at least three lobes with pneumococcus type 
\ I The disease responded promptly to the administration of 
sulfathiazole which was well tolerated 

Ce e VII Chro c B rrow g I feci f BuHocIs a d Adjaceni 
Reg P mpi Resp to E*c dZnePe d after 

Fa I e f Convervai e Meth ds d S If m de The apy 
P T an Italian truck driver aijcd fortv four years h d a his 
t ry f mfecti n of fourteen years duration Starting as an ab 
cess of th tuttocks an eviensivc undermmin" liirrovsing in 
feet n had developed and had slowly spread completelv over 
I oth buttocl s and s cral reg on over the posterior left tl i^l 
around the anus into the perineum over the back u( the scrotum 
anl ntobothgrons (Fi<r l 7 j A) In the carlv v cars the treat 
ment had been repeated incisions and countless aricties of anti 
scptics and o ntme ts In recent vc ts numerous attempts had 
I ecn n ade to control the infection \ th sulfanilamide and 
ulfatliia lie M ithouc s cccs 

At uperatio i the fetted area \ as compkeely excised down to 
tl c muscles and deep fa cia The wound v as then flooded with a 
creamy suspens on of zme peroxide and ov erlaid m th a thin lav er 
of absorl ent cotton soaked in the same suspens on Th s in turn 
Mas covered with a thick layer of absorbent cotton soaked in 
Mater and then se led with a d> lie laver of fine meshed gauze 
impregnated \ ith asel nc 

Tic culture revealed the expected m cro aerophil c hemo 
Ivtic strepioc ecus, an anaerobic nonhcmolvtic streptococcus 
StaphvI c ecus au eus (nonhcmolvtic) B protcus a d B coll 
^^lth dail\ zinc peroxide dress ngs ttranul tons dc eloped rap 
dlv and nev skin becan to cro m from the marg n The 
patent Mas rcadv for skin craftin'* on the sLXtccnth dav About 
450 small deep graft were rem ved from the upper back and 
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Jlx stump A soft rubber tube as plac d down toward the s te 
of the append The pentonc m and muscles w ere closed loo ei\ 
around the dram Jnd 5 gm of sulfatulanude ' ere sprmUed 
the vound surf ces The skin w s left op n 

The culture of the p itoneal fluid \i Ided B coli nd n n 
hemoKuc aerobic strept cocc s T seKc hours after operatio 
the sulfanilamid lex el x s4ng per 100 cc of blood The teni 
peracurc on adnu st n h d been 103 F and it fell b\ I\ s An 
attempt was m dc to pass a Miller Abbott tube but t would c 
CO beyond the pxlnnis On the da\ after ope oon 4 cm of 
sodium sulfad az nc X ercgncnslo l\ intraxcnousU Forthenext 
fixe d )s sulfad azin w s c en bj mouth 1 cm cxerj four 

hours, and for f ur mo e d \s c et) slx h urs The level per 

100 c of blood ra ^ed as folios s second day 4 me fifth dax 
10 m seventh day 9 n<» tenth da) I] m" 0 the tenth day 
the remperaruf bepan ro rise and as t) ere ere n Joe J s "n jr 
w s thou lit to be a dru fc The dnii as ih f e stopped 
Fev r concinu d and re hed lOl F Then at d r ma s \ 

felt m tl e n ht low er q dra t and in the pel i aJditi nal 

dnicr \ as used Tlie temp ratu e grad i ily fell to orm I on the 
tv t\ fir t d V 

The else illustrates a rclamel) early diffuse pentoniDs 
following a perforation of the appendix in xhich the pinent 
was ori\cn sulfanilamide locally and sulfiduzine f^ncrallx 
The penconeum took care of the infection bur there w as some 
localization m the pelvis \ hich clcircd spontaneously after 
bcino' obsened for ten days 

C 5 VI Typ IPifp i e P m P mpt R p f 
S If th I Th py 

r C a \ mj thirty c v ars f cam to the ho p 
tal for the m 1 t a ebron calJy flamed g Hbl dd cont n 
in'^ rones Her temper tu h d bee n rmaJ b fo e operation 
Onthe d y aft roperat nthctmpc tor an darudl01'°F 
In th yenn"" of th t daj resp at n i dt JOprm te 

a d du th n '’ht n p 1 ympt ms d 'ms of p t pcratir 

pneumoni d 1 ped th the t mpe tu is "to 104 4 F 

pul t no nd re p 3to s t 38 Spit m r cal d type 
n cum coccu 1 1 the m m n» r y film c caled I d t d 

r "ht middle I b snd p t h\ i me t tb th) er lobe 
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cure the disease with conservamc sur|,ery and with the sul 
fonamides hid failed It responded promptly to excision ind 
zinc peroxide After skm gating a companion w as made of 
the healing properties of zinc peroxide and sulfadiazine 
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placed on the eranu/ating surface held in place ^ ith a s n fe 
laver of coarse meshed gauze sealed to the km marmns u th 
Collodion and co\ ered \ ith wet saline compresses The zinc per 
Oxide was renewed after t\ ent\ foor hours, and then chan ed 
daily On the s \th da\ after the skin gr ftin<» the grafts bein 
tell establ shed and the essental organ sm gon th opportumtx 
offered itself to compare the wound h alin<T of the two sides, one 
c ntinumg 2 nc peroxide and the other us ng sulfad az ne pow der 



TTie latter as sp \ed n ththcpo\de tomz in a thin 
la) cr I kc a frost Th as co c ed ith fin meshed gau e wet 

th ter nd c ed th ct tton m the me ma net as 

the zinc pe id drc<sin Fin I he 1 as accomp! hed first 0 
th znc peroxide sdc {F» 1 a B) but g er 1 aeons annof 
be made on th bass t rcJamch m a er exp en Further 
c mparisons of th s k nd h uld be of talu 

The case illustrates a senous npc of chronic infection 
similar to those prcviousU reported Numerous accenipcs ro 
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cure the disease ^vlth conscrvaa>e sui^erj and with the sul 
fonamides had faded It responded promptly to evcision and 
zinc peroxide After si m grafting a comparison w as made of 
the healing properties of zinc peroxide and sulfadiazine 
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IMMUNOIOGICAL ASPECTS OF SURGICAL 
INFECTIONS 
CHAMP LYONS M D 

Immxtnology ma\ be considered one of the basic sciences 
essentia! to the art of surgerj An understanding of the mech 
anism of bacterial infecnon is necessary for intelligent inter 
ference in the chain of e\ents endangenng an infected host 
It IS perhaps too seldom realized that the student of immunol 
ogy or resistance to infection is as much concerned with the 
pnnciplcs of asepsis and the technic of wound repair as svith 
chemotherap) and serotherapy This broader concept of the 
scope of immunolog) is presented to emphasize the necessitj 
of a proper perspective ui the evaluation of new procedures 
Chemotherap) and serothcrapv do not constitute a surgical 
speciah) but a well trained surgeon ma\ require an intimate 
knowledge of such therapv m the pursuit of a special interest 
in surgical infections 

BASIC PRINCIPLES OF IMMUNITY 

The problems presented b) an) given surgical infection are 
Iar<Tel) dependent upon the special attributes of the infecting 
organism or group of organisms It is possible to define these 
reactions in broad terms onl) but such definition has a prac 
tical value for purposes of discussion 

1 The cap cit) of b ctena to invade tissues 

2 The capa t) of t ssue i react t the local p es nee of 

b cter a 

3 The pr duct on of eroto ms or extracellul r poisons b\ 

bact la 

4 The svstem c toMC eff cts due t c mponent substances of 

bacteri 1 bod es o endotOT ns 

Sgry dim B« 

taSg MsshttG 


Sch 1 Ass 
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Each of the above sobjews is ■vvorthy of more deniled con 
sideration 

J Th C p ty f Bid to I d Vts 
The terms virulent and pathoirenic are equivalent and 
impl) a capacit) of bacteria to survive md muUiplj within 
the ossues of a host This propertv is to be discmf'uished from 
invasivencss vv hich refers to the abilitj of micro organisms 
to spread through the tissues and bod> fluids Patho etucic) 
or virulence ma\ depend upon this factor of invasivencss, or 
upon an abihev to produce a poisonous evorovin or upon a 
combinaaon of inv asiveness and tovigemcitv 
In the earlj da)S of morpholomc bactenologj there was 
strong tendencj to regard capsule jowiation as essential to the 
attribute of inv asiv encss It v as reasoned that such a capsule 
constituted a protecti c coating which was resistant to the 
destruem c action of the cells and bod) fluids This hvpoth 
csis still holds rrue m part bur more recent J»novvIedge has 
modified the basic conception \ irulence is definitely cor 
related with capsule formation m the case of the pneumococ 
cus and the anthraN bacillus but both virulent and avirulenc 
forms of the hemof)tic streptococcus ma\ be encapsulared 
The protective funct on of the capsule is conditioned b) the 
presence in the capsule of some chemical substance for which 
no reaenv e antibod) evists m the scrum of the host Pertinent 
to this discuss on is the established 1 now ledge that man) bac 
terial forms share common substances in their somatic con 
stitution and differ chief!) in regard to the chemical convtim 
non of the capsule Hence the immune serum capable of 
promotin«^ agglutination lysis or phagocytosis must be t)pe 
specific and capable of reacting w ith the particular substance 
V h ch constitutes the protective coating of the bactena! hod) 
Such sen are kno i n as annbacr nal sera In the case of pram 
pos tiv e organisms the pnmarv function of such sera is the 
promotion of ph "o vtosis and mlsejuent iritra elliilir d 
gesuon of the bacten Antibactenal sera against gram ne^a 
rive bactena produce both bactenolvsis and pi af^ C)tos s but 
there is reason to belie e that pha<»oc)'tosis is not constantly 
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associated %vith the subsequent intracellular digestion of m 
gested gram negative bacilli 

The demonstration that a\iru\cnt bacteria might possess 
capsules has done much to discount the point of view that 
correlated invasiteness entirel> with cncapsuhtion As ac 
cessory factors m invasivencss attention has been focused 
upon leukociiin and spreading factors LcuUocidin is a true 
bacterial exotoxin active against phagocytic cells and effective 
in presenting phagocjtosis The fact that antiltukocidm sera 
hate not strikingly influenced the cbmeal course of infections 
does nit intalidate the theory that leukocidin may enhance 
imasiveness RecentU anew conception of the old aggression 
theory has been made possible b\ the recognition of the pro 
duction of spreading factors by certain bacterial species 
It is now sucrgesied that such factors arc mucolv sines capable 
ot reducing the \ iscosiry of intercellular muems bv a process 

01 rapid depoK menzaiion of the mucopolysaccharide This 
highly attractive explanation of the method of bacterial pene 
tration of tissues is not as vet solidly substantiate i but ic is 
based on much fact and little fancy 

An understanding of this conception of bacterial invasn e 
ness is necessary for the proper interpretation of cellulitis and 
lymphangitis and the bacteremia which accompanies th s pat 
tern of infection 

2 Th C p ty f T $s es f R ct t the k IP e c f B ter 

The science of immunity has dc\eloped lar^^eU through a 

study of the circulatit^ humoral antibodies and their effect 
upon systemic resistance Emphasis upon this tvpe of gen 
erahzed resist ince to infection has overshadowed conceptions 
tis ue immunity Many worl ers have felt that it 
micrht be pos ible for certain cells or tissues to acquire resis 
tance to bacteria independently of any Inown immunologic 
mechanism Critical analysis of experiments itcempting to 
prove the existence of a previously unrecognized tvpe of local 
soil allows the alternative conception that immune 
bodies are concentrated m greater quintitv in areas directly 
exposed to bacteria 
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The surgical course of a ample abscess which heals a/ter a 
discharge of pus suggests that healing is correlated wath an 
increased tissue resistance The factors concerned have been 
ortenswel} studied Menkinsobscnacions upon the process of 
mflammator} fixation haie emphasized an obstruction of the 
Ijmphatic pathwajs bj a deposiaon of fibrin Earlj in the 
inflamfnatorj response there is tasodilation and increased 
capillar) permeabilit) but this is follow ed by % ascular throm 
faosis in and around a central zone of necrosis TTic obstruction 
of both 1) mphatic and vascular capiUanes partially exteriorizes 
the area of bacterial infection from the rest of the body In the 
case of the abscess devitalized tissue is cast out as slou h or 
pus and the defect is repaired by adjacent unaffected cells 
It IS obviously impossible to compktclv define the mech 
anism of so complex a reaction as the inflammaton response 
but some of the important factors have been studied A sub 
stance has been isolated from the $taph\ lococcus w hich is a 
specific incitanc of inflanimatorv fixation It is also clear that 
cellular reactions mav be condmoned for abnormal response 
by prei lous exposure ro bacterial proteins and metabolites as 
a consequence of bactenal allergy \n acti c immunity is 
associated with an accelerated defense acainst mvadin" bac 
teria It is generally agreed that all these /actors are important 
in conditioning the inflammatory response hue they fail to 
confirm the existence of some incompletely understood 
process of local immunity Ho 'ever the known facts do not 
disprov e the existence of enhanced cellular resistance to infcc 
tion and new technics of expcnmcntal analysis may chan e 
present concepuons 

Relamcly little is fcnov n about the effect of rest fence 
^nUn tissues upon bactena Under certain conditions yiable 
and fully ynrulent baaena may pets st indefinitely m certain 
tissues or ot<’ ns atho t ny demonstrable local reaction 
On the other h nd, attenuation of yirulence and alteration of 
cultural characterisncb may occur o cr a relatwely bncf 
period of time 

Tile necroti-ing act on f bactena upon t ssiie may be influ 
enced by allert^ mmun ty and the inflammatory response m 
general It is also probable that more se ere necrosis is pro 
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duced by certain polj microbial infections exemplified clinic 
allj b\ lung abscesses peritonitis and gas gangrene Repeated 
studies upon this problem of bacterial sj nergism ha\ e con 
stantK demonstrated an increased necrotizing effect but has e 
failed to demonstrate that bactena growing together produce 
an) new toxin not produced by some one of the organisms 
An understanding of the mechanism of jnflammator) fixa 
tion IS necessary for definition of the t\ pe of bacteremia w Inch 
arises as a complication of the supj urativ e process Such bac 
teremias are dependent upon an intravascular focus of infec 
tion and foci may exist as thrombophlebitis or endocarditis 

3 Th Prod cl n of Ba 1 I E ot ns 
Exotoxms are best defined by a review of their biological 
characteristics They represent cytotoxic substances given off 
b\ the bacteria during a period of active growth and metab 
olism There is usually a definite but variable pharmocologic 
action and an enzv me hVe quahtv of reacting m minute quan 
titj with a tnmendous volume of sensitive tissue The hemol 
>sins and Icukocidins are of greatest interest to the surgeon 
Bacterial h -n/olysins have a tissue affinity comparable to 
that of alkaloids The presence of lipoid m tissues seems to 
determine vunerability to hemoKsins but it has not been 
settl d whether this is due to a solubility of the exotoxins m 
ipoids or to an altered solubility of other cellular constituentv 
in the presence of uch bpoids The importance of the w ork 
on lipoids IS that it indicates the susceptibility of red blood 
cells nen e tissues and suprarenal glands to hemolysins 
Bactenal leukocidtns have a strong affinitv for the cells of 
the granulocyoc senes and are effective depressants of phago 
cytosis In vivo observanons upon the greater j hagocyttc ac 
tivity of the mononuclear phaoocvtcs ma\ find a partial 
explanation in the lesser susceptibility of these cells to the 
leukocidin of a given bactenal type 
The neutralization of bactenal exotrxins bv antitoxins is 
accomplished in accordance v ith a rule of multiple proper 

dmst dh h nib f b m v 

h pi h b M w f mpl h m cal b 

s -Ed ] 
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tions Regardless of the total quantin of the exotoxm it should 
he possible to find a comparable quantity of antitoxin capable 
of neutralizing the toxic actum It should be remembered that 
antitoxic therapy can only neutralize the free toxin and not 
that alrcad) fixed to the susceptible tissue It does not imme 
diatelj repair the damage that has been done pnor to the 
ome of gi\ ing antitoxin 

4 Th Elf et { B et 1 End t s 

Endotoxins are poisonous substances derived from the con 
stituems of the bacterial body They are released onl} as the 
result of disintegration or lysis of the bacteria The endo 
toxins of gram ne«fame bacilli ha c been most intensively 
studied and the or<»anism$ of the colon dv sentery group hav c 
been shown to contain a toxic gl} colipid Other less toxic sub 
stances are undoubtedly protein in nature The endotoxins 
appear to be d stinct from the less well defined group of bac 
terial denvati cs knoyyn as Shuartznian anu^ens and 
concerned with eliciting Shyyanzmans reaction of bacterial 
h) persons tiv it) 

Immune bodies to these endotoxins are of a different order 
of efficienc) as compared \yith anti exotoxins Neutralization 
b) an) amount of anti endotoxin is lirrureii to a fevy minimal 
lethal doses of the endotoxin and be) ond this limitat on the 
antitoxin is completely ineffecti c Another approach to the 
problem has been outlined b) the obscrv ation that the gl) c >- 
bpid endotoxin of gram nc<^fiye bacilli may^ be rclativel) 
easil) dissociated into nontoxic carbohy drate and lipid com 
ponents Maximum toxicity depends upt n the incefritv of the 
complex and any dissocutin" factor would thcoreticall) 
diminish this toxicity It is h ghly probable that recov et) from 
the toxemia of appe idiceal peritonitis is associated w ith some 
biolomcall) acti c process y hich destroy s the inte«^nty of the 
gly colipid coniplc of the colon bacillus 

The acti n of endotox ns ith n the body is probabi) re 
stneted to a necrotizin" effe t hich is n re c ident locally 
and les-s marked system cally Kno led'^e of the action of 
endotoxins is imperfect but ne i mformwon is accuwvhnn^ 
rapidly 
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RESISTANCE TO SPECIFIC INFECTIONS 

The clinical pattern of an) gnen infection is largely die 
fated b) the biological attributes of the etiologic organism 
and the \ariable immumt\ of the host Specific therapy is 
directed as much b) the clinical characteristics of an infection 
as b\ the laboratory diagnosis Immunological procedures have 
come to play so important a role iti laboratory and clinical 
diagno IS and in the regulation of therapy that it is pertinent 
to summarize some of the new information here 
St phyl s 

There are several criteria of virulence for the staphy lococci 
as a group ‘Vlmost without evccption the aureus strains arc 
virulent but difficulty may arise in segregating avirulent from 
tullj virulent albus strains The pcoduccion of hemolysis on 
a blood agar plate is of no significance but the production in 
broth cultures of a soluble hemolysin capable of destroying 
rabbit red blood cells is siemhcant Positive mannitol fermen 
ration is fairly well correlated with virulence but the produc 
tion of staphylocoagiilase is probably the single most reliable 
test for pathoffeoicicy This coagula e has the pow er of indue 
mg clot formation m oxalated or hepannized plasma but has 
no known role in the production of the inflammatory lesion 
Numerous researches have attempted to classify staphylo 
cci on the basis of a commn chemical constituent Specific 
carbohydrates (Juhanelle) and proteins (Verwey) have been 
dem instrated \ ith the precipitin t chnic and chemically un 
iefined type specific substmccs have been identified by the 
it.<^Iutinaaon techme (Cowan) The most clearly established 
f ct in these studies is that scaphv lococci share manv common 
constituent substances Such methods of classifying the 
caphy lococci may have value in an cpidenuological survey 
hut are not important surgicallv at the moment 
The exotoxins of the staphv lococcus include a number of 
hemolysins i dermonecronzine toxin an intravenous lethal 
toxin and a leukocidm The nctivitv of all of these toxins is 
demonvtnble m hboratnrv animals but the leukocidm is the 
onfi exotoxm which is clearly acavc in human infections It 
n 111 cly that the locally nccrotiTing action of staphv lococci 
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far exceeds in clinical importance any poisoning by the e\o 
rouns Hence antitoxin therapj in human infections is i ah 
dated onl\ bj inference from animal observauons which have 
no clear human counterpart 

Antibacterul tuttmtnuy to the saph^ lococcus js not \ et de 
fined Foreign protein injccuons and shock reactions appear 
to modif) the course of staph> lococca! infections bj a mech 
smsm 11 hich lacks immunological specificity Such nonspecific 
enhancement of resistance to infecaon has long been reco<T 
nized and should be recalled in the interpretation of chnical 
reports upon the use of anttto'an aiiuhacceni} sera and bac 
tenophage 

Bacteriologists and pathologists ha c long held that staphjl 
ococcaJ bacteremia arose from foci of intrayascuiar infection 
This point of lie s is rapidl) gaining clinical acceptance 

St pte s 

For almost fony j cars streptococci have been differentiated 
on the basis of their effect upon red blood cells Man) of these 
original conceptions are being o\crthro\ m b) the serological 
classification reccntlv esrabhshed b) Lanccfield On the bass 
of a common chemical constituent the streptococci are now 
classified into groups A tIirou<'h M and such groups include 
hcmolv nc green and nonhcmoIjTic djssociants Some strains 
produce gre n hcmol)sis on aerobic culture and beta hemol 
^’Sis on anaerobic culture 

The grot/p A strains comprise about 9J per cent of the 
serious streptococcal mfccnons of human be n"s True beta 
hcmohsis is produced b\ most of these strains but green 
V arieties are not uncommon Compfctel^ nonhemolnic strain 
are apparenth rare Group A trams ma\ be sul dn ided mr 
t\ pes b\ Griffith s agglutination technic but the antibodj re 
ponsible for a<^lufinafion is not a prorecfi e ant b di 1 
most instances the cr of a gi cn Jf^glunnative t>pe share 
3 common protecti e antibacteml antibodv but this is not al 
vavs rnie Specific 3"<Tjutin tin" sera are easiJv prodiictd m 
animals but protecti c anab ctcnal sera are not readilv secured 
bv animal immunization At the moment Griffith s agglutina 
rue classification is of imponance n epide 1 1 1 mcil studies 
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but phagoc) tic or bactericidal technics arc necessary to eval 
uate antibactenal inimunity The only source of therapeutic 
antibacrenal sera is human blood possessing the desired ami 
body In a gi\ en community streptococcal infection tends to 
be limited to a few bacterial types although the pre\alent 
t^es may \ary from time to nme Sctcral years experience 
with tvmnmc trans^usiom for streptococcal infection have 
demonstrated the \alue of human serum containing type 
specific antibodies for a given streptococcus Immune donon 
can usually be found in a ratio of 1 out of 5 or 10 tested 
pronded the donors come from the same community as the 
patient 

Groups B C D F, G and H may also cause human infec 
tions There is increasing evidence that the enterococci are 
frequently nonhcmolv tic dissociants of the group D although 
some of the enterococci are clearlv heterologous The group 
D organisms are apparently resistant to sulfonamide therapy 

The erytl rogeiiic or rash producing toxin formed by 
group A strains is the most important evoroxin of the strepto 
cocci Hemolysins fibrinolysms and Icukocidms arc also 
formed but it is impossible to evaluate their clinical impor 
lance The sui^ical infections requiring scarlet fever anti 
toxin arc infrequent but such therapy may be useful m gan 
grenous erysipelas or surgical scarlet fever Convalescent 
human scrum gives fewer reactions than the more potent am 
mal antitoxin Recent methods of purification of animal an 
tisera have done much to reduce the incidence of severe serum 
reactions 

T t s 

There are a number of different serological types of tetanus 
bacilli but all produce a similar tetanus toxin Recent mvesti 
gation strongly supports Abel s contention that tetanus toxin 
is absorbed from the site of infection by the ly mphatics and 
carried to the central nervous system by 
the blood Nerve cells have a strong affinity for tetanus toxin 
Antitoxin is not effective in the neutralization of the toxin 
^er the toxin nerv e cell complex has become established 
rhis has given nse to the thought that fixation of toxin by the 
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nerve cell might produce a new toxic substance not neutral 
izcd by antitoxin Attempts to produce an immune serum t 
neutralize such a new toxic substance has e not been success 
ful It IS a cunous fact that in spite of the strong affinitj be 
tttcen tetanus roxin and neire cells recoier^ from tetanus 
lea\es no sequelae in the wav of perminent neurological dis 
orders 

There can be no doubt that prophyhetic tetanus antitoxin 
IS chnicallv effective Such tetanus as occurs after the use of 
prophv lactic antitoxin has a prolonged incubation period and 
is often local instead of generalized tetanus 

The use of antitoxin for tlie treatment of established tetanus 
IS mandatory on the basis of animal expenments but clinical 
statistics indicate that it is of limited value This fact has led 
to the intrathecal use of the antitoxin as a more direct method 
of treatment Qimcal expenence with intrathecal antitoxin is 
unfavorable and ic is known that anv foreign senm incites a i 
inflammatory reaction in the subarachnoid space At the mo- 
ment there IS little justification for the administration of more 
than 100 000 units of antitoxin to anv one patient This maj 
be given locall) around the wound intravenousH and intra 
muscularlj Increasing attention is directed to the tytirp 
toniatfc treatment of tetanus aIon<» the lines of sedation and 
maintenance of calonc intake after surgical excision of the 
infected vv ound 

4cttic ivnmim^tian ‘uttl tetanus toxoid appears to be the 
most hopeful method of attackin'' the problem of tetanus 
There is ev cn indication that »rrcit success lil attend this 
method 

G $ G g n 

Gas gangrene is always an infection with more than one 
bactcnal species There are tv o mam div isions on an ctiolo" 
ical basis fO anaerobic putre/acme nonhemolnic screpto 
coccal and ( ) clostnd al 

There are no kmwn therapeutic sera for the treatment of 
the anaerobic nonhemoly nc streptococcal infections 

Vanous clostridia are mvol ed m the causation if clinical 
gas gangrene w ith true to cma Gosrnd urn pecfrtngens (ttel 



IMMUNOLOGICAL ASPECTS OF StmGlCAL IVfECTIOVS Sll 


chu) Q scptiquc Q oedemaacns (no\’ji) and Cl oedema 
toides (sordellii) are the most frequent cause of serious gas 
infections Clostndium perfnngcns and Cl septiquc infre 
quentl^ and only terminally invade the blood stream CIos 
tndjum oedematiens is almost purely toxiqcnic Of lesser iin 


portance as pathogens are Q fallax Cl lentoputrescens 
(putnficus) and Cl histolyticum akhongW the latter may 
produce an cxtraordinanly potent toxin capable of digesting 
living tissue Clostridium bifcrmcntans and Q sporogencs 
often contribute to the local tissue necrosis and are frequently 
responsible for the foul odor of gas infection Clostridium 
sporogencs produces a substance which inactnates the toxins 
of Cl oedematiens and Cl septique but docs not affect the 
toxin of Cl perfnngcns Living clostndu of the sporogencs 
type definitch enhance the virulence of Cl perfnngcns and 
the two organisms together produce a pmnd gangrene 
Qassical emphysematous gas gangrene is produced when 
U perfnngcns or Cl septique is the predominant organism 
Predominance of Cl oedematiens leads to a climcil lesion 


"ith massive edema and bttic or no crepitus This clinical 
picture IS not completely reliable for the identification of the 
etiological bacteria and serum therapy must be employ ed on 
a polyvalent or shotgun basis Potent imworinr are avail 
able for Cl perfnngcns Ci oedemanens and Cl septique but 
the most practical sera for general use are the polyvalent 
sera which may be used before the specific cause of the gas 
gangrene m any given case can be identified As soon as iden 
tincaaon has been made the specific antitoxin should be em 
ployed I xpenmentally effective antibacterial sera luv e been 
produced but there arc so many strains of anaerobes produc 
lug similar toxins that it is impractical at the moment to 
attempt specific antihactcnal serotherapy 
Authority for the routine use of prophybette doses of gas 
antitoxins anses chiefly from animal experiments 
a few scattered clinical reports Decision to use prophyl 
2ctic sera is based upon injury to muscle and the circum 
stances under which the injurv was sustained It should be 
remembered that muscle tissue may permit the growth of 
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anaerobes as a result of direct crushing injury or as a result 
of diminished blood supply from artcnal laceration or shock 

The use of antitoxin in the therapy of established as 
gangrene should supplement surgical excision of the imohed 
muscle or muscle groups and chemotherap> Four to si.t 
therapeutic doses should be gnen initially and supplemented 
svnth two to four such doses evcrj four to ei ht hours until 
the toxemia is controlled 

The preparation of gas gangrene toxoids i> still in an cvpcri 
mental phase Satisfactor) antitoxin production occurs in 
animals \nth Q perfnn<*ens roxoid but there must be much 
more int csDgation before such a product can be used in man 
to replace prophj lactic antitoxin 

B d des a d Fu b cfe 4 

The great ^roup of anaerobic nonspore forming gram 
negatne bacilli is constanrH incnmmared as causarne m a 
w ide group of diseases such as acute appendicitis luncr abscess 
and chrome ulceracn e cohos There 1$ linle basis for the dis 
anccion indicated b) the genene titles 0/ these baedb Differ 
encianon is on a morphological basts bacilli \ ith rounded ends 
are bacteroidcs and those with pointed ends arc fusobactena 

Infection uifh these otganisnis is chiractemed hy intense 
local necrosis and similar necrosis maj be produced e\pen 
mentally with dead bacteria There are suggestions that the 
injecQon of such bacrena rnav produce a state 0/ inanition and 
cachexia follow ed bj death at an appreciable inten al after 
the ongmal injection These findm<^ indicate that the bac 
teroides and fusobactena connm a powerful endoroxin Ani 
report of the presence of such an orgamsm should be inter 
preted from this point of icw 

COMMENT 

Increasin'^ kno ledge m the field of immunolog) is dicrat 
intT a distinct trend in the management of sur<»ical infections 
Accuraev of bactenolo<»icaI diaemosis is paramount and this 
predicates aerobic and anaerobic cultures of excised tissues and 
exudates Sulfonamide thcrap} is pnmanij ffectwe m the 
control of m asi e bactenal >p ead Antitoxin thcrap) neutral 
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izes the powerful evotoxins which diffuse into the systemic 
circulation from the focus of infection In other words it is 
now possible to control the sy stcmic complications of surgic il 
infections and emphasis shifts from the systemic effects to the 
local inflammatorv process 

ith the added protection of immunotlterapj and chemo 
therapy an increasing surgical attack is being earlier 

upon local foci of infection This attack includes not only the 
drainage of pus but the excision of inflammatory foci and the 
h lUon of tnbutary \cms Rect^ition of the importance of 
this combined immunological and surgical approacli to the 
management of infections is m itself a justification of the 
statement that surgeons must be as competent as internists m 
the use of serotherapy^ and chemotherapy 
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THE INDUSTRIAL BACK PROBLEM 


IRVIN BALENSWEIG MD FACSf 

Ability to est mate aid e ah rte the ext nt to ^hich 
psyche jaetor enter a fomnic method of exaiitntation 
of the pttient skill tn tnterpreting tie findings of the 
examination acquired by clinical expeuence vid an 
ton c kno-uledge are the essentnl pr requisites in in 
iustrnl r tediciiie ani st gery 

-O good and Allison 

In the quotation above Oigood and Allison have placed 
first the pwchic factors m back injuries m industry this is 
significant for these pUj a major role Next to be considered 
IS the method of examinauon for it is only b\ following a 
definite routine that all essential details can be noted and 
carefulH recorded In this routine is included a detailed his 
tory a detailed phvsical examination followed by roentgen 
studies a summation of both the positive and negative findings 
and lastly a cf nclusif n The conclusion should state the causal 
relationship the present percentage dmbihtv ind the prob 
ibic duntK n of disabilitv 


THE PSYCHIC FACTORS 

Ihe p \chic element is present not only in the patient but 
also m the make up of the examining phy sician particularlv 
if the examiner has ha i the paoent referred tf him by a cim 
panv The exanimmg phvsician must alwa\s try to eliminate 
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bias when c%aluaung the injur) otherwise he is apt to con 
sider the paaent a malingerer or a wdlful ewggerator e\cn 
before completing his examination This tendenc) is an ex 
treme!) unfortunate one jet it must be adnurted that all of 
us are prone to make up our minds too quickly m that direc 
tion IrisJcastprevalcnrinrhosephjsicjans i ho examine both 
for and against companies because thc> sec both sides of the 
storj and arc better able to cope w ith the situation 

THE HISTORY AND LCADINQ QUESTIONS 

Concerning the history taking I personally find it best to 
have the secretary obtain from the injured a detailed story of 
the accident and the sequence of events that took place up t) 
the tmie of exa lunafion I find that the patient is apt to be 
more fluent and is not as much on his guard as when the his 
tor) IS taken b) the physician himself The historj can then 
be quickly reviewed by the physician and from this pome on 
direct pertinent questions can 6c asked and the ansv ers re 
corded 

Leadin'^ questions should cover the following points 

1 T/ e past I istory rchti e to prtr torn acctdvm or opera 
tions 

Loss or gai7i of 1 

3 Cl THije of occupation 

4 The nature of the pain Is it dull or sharp radiacinf^ con 
tmuous or affected by v cathcr changes^* ft is important to 
remember tint the arthrioc pauenc suffers pam prior to the 
on et of weather chan'TCS and i relieved dunnr' the chant^e 
whereas the patient suffering from 1 1 mjurv may cjinplamof 
I iin It all times and mav feel i orxc rlunn"- the cfnn«^e m the 

eather If is important to deten me wlat if anvthinc' r 
lie e the pim hether the pun n i le orsc Iv itune 

stindin" r Ivin" d n r hetl r cri tv L,r ites tU 
jnm hefitcr If 1 '^ri ircdfi oi ebijc' sncczin or bv 
stramin hether it i n il t r c 1 v he t hether it i 
more evcrcoiansin in the i minw tendin'^ to subside as 
a result of act \ tv and v hether si pport r lie es the pam or 
the parienf feels just as corofonabJe irhour support 
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PHYSICAL EXAMINATION 

Note the patient s responses 

Observe the pauent carefully while the history is being 
tiKen Note his responses whether they are quid or hesitant 
whether his inemorv is good particularlv for dates and 
whether he is specific m respect to the nature of the accident 
Note his actions when arising from t!ie sitting position Does 
he have to a.sist himself then^ Ask him to walk, about mean 
while observing his gait Does he walk awkwardly with his 
body tilted forward or to one side’ 

Ihe patient is then requested to undress completely If 
possible watch him undress for much information can be 
obtained from this How does he remove his underwear shoes 
and socks’ I have frequentlv observed patients standing on 
one foot and balancing themselves normallv while removing 
trousers and underwear ytt when requested to bear their 
weight on one fovt and elevate the other durme the etamina 
uon they will state that thev arc unable to balance because of 
pain Fre ]ucntlv w hen a patient is requested to place one heel 
across the oppcsite knee he will state that he cannot do so vet 
when remtvino' his shoes and stockin<Ts he was seen to per 
frrm this same act without apparent difficultv 
Olser e body posture viiiscuSar de elopment and v/tts I 
tone 

It IS naturil to expect those individuals vvhf exhibit ver\ 
bid posture flibbv musculature or n loss of subcutane us 
ti sue to hnc a crenenlized disease or meti titic process pres 
cut ind this will require funher Stu l> 

Ascertain / ei^bt and u-eif^bt 

Tl nb t! e p itiem standing wof tl c folk u-mg 

1 Ce icr 1 t t I d\ po t r abd nit t itt t de f 
f et 

1 1 cur es f the sp e v h ther rm 1 r b rm I 1 
there an ex ^^gerat n of the 1 mb s al gle r j the 
1 ack flattened nd die lo er I mb r tur 1 t Are the 
nuscles m a st te of spas A e th In crests an ^ 
^'luteal folds on equ 1 lev 1 ind are the L.I teal egicm 
equallv dev el ped 

3 Motions of spine both active nd pass e The e ire dete 
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mined b\ h \ the p t enc be d fon\ard vith the k ees 
tended A1 o test for extern n and side to side bend ni, 

4 The pr s nee or ab cncc of mu cle p m both local and 

Ccneral \1 cle spasm difficult t etalu te b\ the un 
niri red f r a pat ent can t nse his m les and exhibit 
app rent spasm 

5 Me surements f chest e pan n Th test sho Id be p r 

formed m % un" peetsasitenbe pathoijn m c of 
an un uspected \I le Stnimp 11 disease of the sp nc Pr c 
t call\ e\ r\ instance f ih d seasc th 1 1 hate seen has 
e\hib ted trittion f expan n ELxp ns on mat be as 
I tile s to 3 h hile the normal best expa n 
ill art f m to 4 i ches 

6 F nher tests (a) cle at on of rn eh ad (if) ac tc 

flex n of the cerxical spine (c) f c ble landio" on h Is 
The tests result in tc p n f the les n is f re nt 
or " n in all of them the | a n II fr joemlt be 1 cal zed 
t one are 

II It! the puient sitting obscr e the vnitner ni i.hcl le 
asruvics tUs attinide and detemnne the piloting 

I M n s of the spi act and p 

Af htt f place the heef f n< f e r ss the opp te knee 

i Ab lift t elet ate th fl ed thi h t ith and thout 

s stance 

4 \blitt t dep c ih el ted 1ml a" t e st nee 

The last ttt o tests often nid in the detection of malin"ercrs 
for cle an n of the tbrnh from the chair should not result in 
back pain because the flexors of the thigh are the psoas and 
anterior hip muscles A\bcn I wenn" the limb against resist 
ante the pjtient xxith true back dsturbance will e idencc 
pun bccui c till tctrcpiirc thci c f the [jl teal ml piml 
mil tl 

\t i| t I 1 t e t t f t j I b il upper nl 

f r e f t J » 1 th fl 

II t! ll pJti ininti t r tr cumben v p sition it at is 
Ivtiii^oiil islJ I onilari xvni»ni,tsbk irrv ill tl fol 
lou.in^ 
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1 Fx II at 1 if tl e t o 1 the 1 \ cn hr e srft xn 

metric ! an i rc j e jrc A1 exa mn for 
herniat 

2 He eximme j hce 1 Hil nr s the al 1 men a d ic 

c) ests the p tient to p h hi hao I p \ a ds 1 a k pain 
dur g this e m nation 11 I e eli itcd in the a te case 

3 01 erve vhether the lumbar sp ne re t a nst the t lie or 

f the curve is e <^erated 

4 Observe the an^e of motion of tl e ;omt of the h er ex 

trem t es and their ppearanc 

5 C rr\ out the P tr ck Kcr <t Lasc^ue and Gaenslen tests 

6 Comparati e nieas rements Icncth of low er extrem t es 

from the nteros pc lor ill 1 spine to the tp of the m 
tc na\ maMeolns the cii iimf rente of the thighs a d 
cal e 

Ne rolo c ex mmii n Refietes pe\to h tested and n t 
el c ted ho Id be tested a am Also 1 k f r ni scle 
fibr llation lack f mn cle to ns and so on Sensorv e 
am nati n p stcion sens f t es trophi a 1 ce per 
t re changes 

11 ith the patient m the lateral rectunl enc\ position 

I Test for the Ober $f<»n 

’ Test for direct compress n thronoh the liac crests 

II Ith tl e patiiiitm thetefttnl recwnhency position that is 
lying prone note 

1 C nto r of the spi e p Ivis nd h ps 

Poms of tendern s d local mus le sp sm The patient 
who IS suspect d fbci xaUn<^r sho Id h ep nts 
f tender es m rked ith a sk n p ncil and the test r 
peat d t V ario t es n < der to determ ne his ecu 
raev of loc liz e on 

3 The s ns and svmpt mS dieted Iv hvpe ten n f the 

th «hs lookin fo ps as spas r referred p un 

4 A tl e d pass e hvperext sion of the d rsal p ne Th s 

test 1 perfor ed b\ ha\ a the patie t pi ce both hands 
ac ss the I ck of hi neck then ele ate his elbo s 
sl ulders and tors fet die t ble If tl e p tie t e hit 
ted a 1o of e ten n hen o tl e c ect po tion this 
sail e 1 s of xten K n shoi M 1 e manifeste I t this t le 
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liectil exj/wintioii Thwsh juld Lc earned out and the find 
mgs recorded 

Romitgen ny xtttii fhesc should include an antefoj o'* 
tenor and latenl \ icw of the low er dorsal and tlie lumb sacral 
spines and an oI Ikjuc \ie\s in instances f suspected facet 
disturbance It is pertinent to state here that in indn idual mat 
center his complaints at the lumbosncnl angle but \ rat 
obsertations m that region arc negattte The pain in these 
ctscs ntas be referred from the lower doisd area where an 
unsuspected compression nut lie found at either the t telfth 
dorsal or first lumbar level 

rbt pitiem dresses If jw sililc he slionld be observed diir 
in" this act 

I ibontory dui sedimcntui »n rite spinvl fluid studies 
h{ iod( 1 or other infccnon procedures 
Psycl oiiietri et diiuionof tlcchis/niit This cm I c t vert 
t ilinble part of the routine eximinatii n 

Ev 1 t f D g t< Te t 

Some of the test described in the folio m paragraphs 
M tre menci ned is m es tntial p irt ( f the ph\ sic u exam n i 
non the others will also prove useful in tl e evaluation of n 
bad pfohicni 

Lvsecuf Sics -This is kmvvn as the straidu Ic» raisin" 
vi"n It Is elicited I \ elcvinn the hmb with the knee e 
tended the c\in incr s hind bein hel 1 beneath the patient s 
heel Octisionillv one n tc thic}innu\ I c referred t the 
oppos re sid dunn" tin iiiineuv cr U lien po itiv e r results 
in Imiitunn of srru ht Ice raising ml i accmipanicd b\ 
hinistnUj, s) i ii anl localirati n of pauv eithe in the \ac\ 
gluteal rc"it n < r alf n« the course of the sci it c nen e 
/Jrjijjrrff Modificstiou of tie las ?7/e S/c,;/ FI is per 
fonned bv d rsiflexin the f ot ir the hci"lu fihem ncmer 
In piinful sciiticis the p m i acce tuitcd iv the f t is 1 rs 
flexed 

KrRMr SicN -This s I tuned 1\ h n" the p tent he 
on his bid with both I id t rrerchel One limb is then 
flexed acutelv < n the ibd men v irh the k itc ! n in atti 
tude of flcvi in the th "h is then fixed ind tl e 1 nee w ex 
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tended As the 1 nee is extended pain is elicited and the local 
ization of pain noted here again the pain is usuall) referred to 
the heel calf hamstring or htp regions 

Patrick Sigv —In this test pain may be elicited m the low er 
region of the back by placing the ankle cf the affected side 
above the patella of the opposite outstretched leg When this 
IS obtained the flexed I nee is pressed down towards the table 
and one notes w hether this accentuates the pain 
Gaenslen Test— The hip and 1 nee of the unaffected side 
are completely flexed on the patients ibdomen and the pa 
tient firmly encircles the 1 nee w itli his arms thus I )cl mg the 
pel\ IS The opposite limb is then hy perexcended ox er the edge 
of the examining table with the 1 nee flexed The mechamsni 
thus occasioned results in a rotation of the sacro-ilwc joint on 
the affected side and ma\ result m a complaint of pain 
Obfr Sign —This test is performed for purposes of obtain 
ing information concerning a possible contracture of the fascia 
lin The patient lies on one side w ith the limb closest to the 
examininer table flexed and loci ed by means of his own hands 
The examiner then grasps the opposite knee with the right 
hand and fixes the pefv is with the left He then brings the limb 
into an abducted position Following this procedure he slides 
his right lund dow n tow ards the anl Ic xnd at the same time 
prevents the limb from rotating internally He tlien requests 
the patient to kwer the limb towards the table If contracture 
IS present the limb w ill remain m the abducted position and if 
the hmb is forced down towards rfie table pain jcdss the 
lumbosacral region will result provided the area has been in 
jured 

Frubfrc Sign— With the patient m the prone position 
internal rotation of the thigh w ith the knee flexed results m a 
stretchin<T of the pinf innis muscle and m the absence of any 
pilpablc spasm or tender area situated m the gluten deep 
tenderness ov er the piriformis raises a suspicion of disease iiy 
tins muscle which may also lie accentuated on rectal examina 
tion Freiberg is of the opimon that a sj ism of the piriformis 
muscle cavi es sciitic nerxe irritation 

SiRL iprii Sir\ —This test is performed with the patient 
l\ n m his 1 ack and alternately rusintr the limbs vv ith the 
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knee in complete extension hen one limb is eak the heel 
of the stronger side digs into the table thus indicating that an 
increased exertion is rcqoind of the strong linib to assise in 
raising the xi cakcr one 1 he etamincr s hands ire held under 
the patient s heels to determine xx hether an increase in pressure 
of the heel is needed 

A X anation of this test is to request the claimant to cross his 
arms on his chest and raise h msclf into the sitting position 
during this test the xxeikcr limb xiill sxxing upxxard xnth poor 
control 

The Ji.Gi.LXR CoMPKESSioN Test— This test is performed 
b\ compression of both internal )u<rul3r x eins for sex eral sec 
onds in order to detemime xx hether the sn*n results m an 
exa^geratir n ( f the sciatic pain At times ex cn though the 
CO npression IS negative a relaxation of the pressure max result 
in the same pain This test has been desenbed b\ ' lets It max 
not be positixc except m th se msttnees in xxhich the pam i 
exacgcraccd b\ coUj,hin" and snccrin" Bradford and Spurl 
mg' usuallx perform this test xxith the patient in the erect 
position and nninciin compression frr about t o minutes 
before it is rcc rded as nc^ati e Tliex have suggested also 
the use of the sj hx omomanometer uxm<T mm of pressure 

A'iCsri^ESii 1 £ST -Ane ceiJrnr procedure is rhar of jn;ecr 
in<^ 1 local anesthetic into the tender areas before perform 
these tests the tender areas bcm<r cirefullx I cahzed and 
nur) ed FoIIoxi ing the infection if riic panis rcl ed and the 
le<T jjfrns d sappear it s rca enable to suppose tint the trauma 
tism IS purelx local and superficial and nor due to a d sturbance 
of t/ic scnictunl mechanism 

M m { f th Sp 

As one reads the iirerarure on ths swb/eef he is impressed 
w ith the I ck f ac urate kno led<re c ncemmo' the mox e 
ments of the x anous portu ns of the spine pamcularlj of the 
doRil and lunihtr areas h s difliculr to e al are the restnc 
non of motion unless c are acquainted th tlie so called 
noninl for the diff rent ag pen d An m lixidual x ith a 
coiipfctclx flartcnel f tl m x bend sufficenrh fon ard to 
touch the fl r x ith 1 fi i>» r t ps tl c m t n in this case 
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occurrmt, in the hips L\tcnsion iml side to ulc motion are 
readiU deteae I while flexton is difikult of cstimati n 

It niifjht well he stated that between the a^cs nt forcj and 
fifty \ cars the “tt en're indix idinl exhibits the folk \ mg ringes 
f f motion 

Flexion 6a dc rees with the back well roiindc 1 
Hxtension 15 degrees 

Side 1 ending to r «»ht and left 15 t 0 degrees Th motion 
ccurs mo tl\ in the lumi ar sp nc 

Prior to the age of forty flexion is freer and should ran^c 
betw cen <50 and 90 degrees After the a"c of fifty these mo\ e 
ments may be matenally lessened depending upon the amount 
of degenerative arihntis tint IS present ind dcpendim^ also 
upon the build of the patient 

Ev I 4t f Phyj c I Ob «rvaf 

^\ hen the physical examination has been completed and the 
indicated tests have been made the examiner then proceeds 
to summarize the positi c and negative findings In this way 
he arriv cs at his diagnosis his conclusions is to causal relation 
shif and an escinntc of the possible period of total and pirtul 
disihility and of the loss of function 

MALINGERING 

It IS unfair to apply the label of malm erer until all diag 
nostic measures at our disposal have been resorted to Grav 
m his text cites the following concerning malingerers 

The app ara ce of the pat ent an ind cation of the greatest 
V 1 e Ren einl cr that the imlin<v rcr s dcce tf I Thus his entire 
aspect vili be that f d ceit his eves look sh he has an uneasv 
countenance a d fun e glance \ atch nw the exan mer under 
veiled dr op n 1 ds If he is smart and manv of tl em are his 
ent re cou te nec m v be that of il c nost open frankness 
Tf c card nal po nt to be ememb ed is that the ni 1 n^erer us 
aliv ov erpiav s h s h nd He acts so much trempt n" to prov e 
the truth f h a en n that suspicion appe rs 

Main e er frequ tlv as ert th t anesthes a areas are present 
I ut these re t re\\ b ned accuratch to nen e d tr I ut ons This 
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IS e j all\ t uc of the h\ stencal indi dual 1 iic in tl c I tter one i 
apt to meet w ith a o nplcte los of sensation \\ it!i a sharp line of 
lennr aci n t th Imt f trouble is n ted in glo\e ancsthesa 
r stock CT j c thesja 

Festiiiirforpiiii a outlined bv Gri\ c nit fthcfd 
lotting 

In detem nnw h tie pan pr t cisttcllt h e the 
pat ent sit dott n 1 he examiner places h h nd on the bad th h 
and n tru ts th t th hip he flexed a<^ain t h s resista cc The 
patient max cla m p n b t th h Id n t be true since the lum 
1 r in le are not called i to us The cvani net tl cn i stru ts 
the p r r to lo er the tht h a'^a a t rincc SI IJ there be 
n p n the ssemon is probablv false sn ethclinilir nicies 
ire no brought deflnnclx into action 

THE DISPUACEO INTERVERTEBRAL DISK 

In recent \ cars it has become fullx reco^ni/ed that an inter 
xertebral disk can be displaced even though the on ina! 
trauma xx as not sex ere Displacement seems to be more prex 
ilent m those indixidual xxho infure their backs as i result 
of a liftin'^ strain particular!) \ hen the lifting strain is com 
plicated bx a torsion or twisting mechanism In other xxords 
a sunple lifting of itself is not tie mic pro ocui e cvise of 
the trouble it is tl e torsion plus the effort of lifting tl it is t! e 
disturbing eleuicm 

Bradford and Spurling state 

Th pjt ts o t f qucntlx compla of pa n as bei m 
c p tat m h r t r th p in h n" 1 cal ed i ore pa tic 
ul rlv in fh ] ba n trnf^ a <i lo e }" mu cics The pa n 

s f quentlx a*'" x t d r «»c at I i x c I in" ecz n or 

stra nui" th be " in ere t p rt d c t tl c n re cd i trasp nal 
p ess e c mpanx n th c a t 

Thex scire fiirrher rhar if is infrequent for r)ie parienr to 
gix e a historx of sciatic p m at the onset The sciatic pJin is 
more apt to occur several daxs cr e ks foil mg such an 
mjurx xxhereas pan in the lover bi k predominncs imme 
diateJx after the inception of njun 

It must be re 0"n cd that n disk dis rders there max he 
lucid interx al durin" x h ch the svinptonis subs de and the 
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patient maj resume normal acmmes If recurrences are com 
plicated bv a suatic syndrome one can then state Mith more 
assurance that the cause of the ^mptoms is disl protrusion 
and that radical therapy iv indicated Radical therapy should 
not be undertaken ho\ve\er if one is confronted with an m 
dmdual who is mereh suffering his first attack unless the at 
tack lasts too long and is not relieved b\ the usual orthopedic 
measures 

It should also be noted that a disk may be displaced 'u.ithout 
causing symptom In the literature \vt find that approximately 
IS per cent of autopsies show the presence of a displaced 
intervertebral disk without any clue having been recognized 
as to Its presence pnor to the patient s death 
The fain from a ruptured disl is usually made worse bv 
activity for the condition naturally results m increased nerve 
irntation Patients suffering from a disk protrusion often find 
they are more comfornble when standing than when sitting 
or when King m bed 

Of/ er wM;«/eji wow of a protruded disl are (I) Oblitcra 
tinn of the normal lumbar curve with muscle spasm ( ) The 
presence of scolusis with the comevitv eitntr toward or 
iwav frrm the side of pain although at times the convexitv 
niav alternate from side to side It is more frequentlv noted 
however thit the convexitv is awav from the side of sciatic 
pam (3) Deep pressure cither directiv over or tv the side 
vf the injured vertebn pr duces pain or tingling along the 
listnbution of the sciatic nerve (4) There is limitation of 
won n V { the spine durm^ tlie acute phase in the chronic 
phase the m v cments of the spine tnav ^ quite free ( 5 ) The 
inkle jerl is diminishel on one side and tofrether with this 
nc (I erves sensorv phenoment on the same side In the 
j resence of the c litter findings one mtv 1 e quite certiin that 
he IS dealing v ith intnspinil disease 
The finding of x riy cxamnatiov unfortunatelv mav be 
ibsolutelv netrative m m ranees of this nature especially in 
those indi idual het een the ages of tw entv and forty years 
thus nc should not expect t ee a narrov in^ of the inter 
vertebnl disk s\ icc in the film \^ hen the narro vmn- does 
occur it IS usuallv because of antecedent degenerative disease 
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and does not signifj that the disl at that level is at all pro- 
truded 

The use of contrast media gives us additional information 
hen observations arc negative however one cannot con 
dude that the intervertebral disk has not or is not protruded 
The use of air injections is popular but the results with them 
difficult of interpretanon m the hands of the uninitiated 

TRAUMA AND DISEASE OF THE SPINE 
\\ lule It IS the opinion ot authorities that trauma is not 
hi clj to cause disease of the spine jet it does seem to prepare 
the ground for locahzation ot mfectious diseise processes bj 
crearin*^ areas of lesser resisrancc This fortunarelv occurs 
onlj m a few persons 

It IS generallj believed also that trauma can mal c mamfest 
under certain conditions a latent infection either b\ produc 
mg definite signs and sj mptoms of inflammatof) destruction 
nrbv causin'? inflammatorj collapse >f a diseased spine w hich 
heretofore had not produced anj puhdcgic symptoms An 
instance of the fonner is ostcomjeliris of the latter tubercu 
losis V Inch had been qu e cent up to the time of the ac idcnt 
(bteindler) 

Concermng the question of osteoarthrius and its relationship 
direcrl) or indirccdj t > traumatism it is mv opinion that tl e 
tisiul case of o teornbritis is not aggra atea by mumattwi as 
seen in t! Lack unless there i also present some clmcal 
e tdence of infection Then tlie trauiiatism is superimposed 
ipon the osteojithntjc symptoms or an infectious arthntis 
\ hich is ac on panicd bv blood chanf^es and can be tec 
nizc 1 1 ) an increa c in the sedi entation mte I ha e e\a luncd 
111 nv senes of \ riy j lates t 1 en of tl e s me individual o er 
n n Is f evcral jears and J lu n cr beci He r con 
vmcc iiv elf th t thcr hi I ei v » r i c i tl c iiount 
< f stc f I V tl 1 r h tl cc I Ibv iijin //• 
depiiit h tl c svnirome ftrnuinti irtl ntis ^1 rcnpertvm 
tohr re tl e injnn / t sth I /// 1 sor^mi-a 

non oft! iTtli^, I vn nit ns i I i lotjronet 

bcl e\ c h \ ev er tl at tl is ne path log c pr e s tal es place 
in the ba k as a result of s n le a t of trauma exceptin 
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where there lias resulted i compression fneture \\ Inch Ins not 
licen corrected and w here as i result of the faulty mechanism 
occisioncd b\ this compression one can iiiturally expect 
mechanicnl irrintne lesions to be set up m ind about the m 
)iired area 

It IS vty belief tl it tlcu-ords iggri itwn of a preexisting 
osteoarthritis should beelimmatcd from our locabuhry uhen 
they relate to back distttrbwcts resulting from the a erage 
iccident This word aggrasanon is the cause for much liti 
gation which is frequently unfounded Merely because the x 
rays disclose osteoarthntic prolongations one cannot assume 
that the osteoarthntic process has been aggrav ated by ^ super 
imposed injury This assumption when made known to the 
patient frequently leads him to bclicyc that he will never be 
come w ell and that he yyill nev cr be able to resume his former 
occupation An clement of fear intrudes itself and is frequently 
the cause of the persistence of the s\ mptoms Those of us yv ho 
examine large numbers of patients both private and medico 
legal are impressed by the fact that most individuals past the 
age of forty five years w hether in laborious or sedentary oc 
cupations arc subject to these degenerative changes A young 
person may also be susceptible to such changes in the areas 
of the spine that are most subject to repeated traumatisms 
such as the transitional Icvcls-rhc fifth and sixth cervical the 
twelfth dorsal the first and fifth lumbar and first sacral 
regions 

It IS w ell to pause and review the follow ing quotations from 
Steindlcrs chapter on Trauma and Disease of the Spine in 
the book Trauma and Disease edited by Bnhdv and Kahn 

What are the conditions ndcr 1 ch \ e a iimc si ch re 
lati n hip to exist 

(1) The nterval between the t auma and the occurre ce ( 
the sy mpt m nil st be o npati! 1c th oi r r I nry co icept o ^ 
of pat! 1 «c dev el pment For instance a shorter interval 
\ Id I c peered in tl c acute infl mmat ry d a e i ch a 
tc m cht than n c! r n c mflamm non such s tu! creui s 

( ) It I f rtl ncccs ry tl t the njun be Icfin tclv tal 
I hed and th t it I a le j re in t lo h7at on an 1 of a s flic ent 
Ic'^rec ifscvcnn t pr I cctlctr mat ation It mthel tier 
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re peer and m the le ree f trai that tl e c n dcrat on of the 
patholocjc xesjsrancc of n t«rs j of the greater in ports cc 
Sometimes trauma pr d ces effects m stc porot c and nfla 
mat n tis ucs that would n t le pr died f the sp e re 
normal 

The Ic ree of tnm le e arv to prodice a ftict re n o 
reoporos s and jn Pa ctsd ie< nattrlit n i uch Jess than 
th t \\h ch \\ uld be required to p duce a fracture m norm 1 
spin 

Concerning the qiiestun of traiimi and arthntis Stemdler 
wnres 

A patient h 1 had er\ 1 nl r o tro ihlc \ th h b ck 
su t ms a trai siifTcie t n Icqree nl pr per 1 cit n F 1 

Iq\ n" this ct n local svmpton s appeir 'h h re n t p s nt 

previ sU and h ch persi t even aft r tl c imm d ate effects f 
the tra ma h e cleared up These s\ pt ii h h arc i re r 
le s constant and conttnu irom tl time of the c ident are ailed 
hr d in s\npt m A fr interval foil \ i the t me of cide t 
means that the trat n a h passed If a recrudes nec or acer 
b tion occ ir fter the fr c inter 1 t 1 kcK that it is part f 
the n mil c i se f the o te utl nti 

LUMBOSACRAL ANOMALIES 
There are numerous anomalies in this area and those vnth 
which MC ire most concerncl are 
F il re f f f th I me tl r f the )th K nl r o tl e 
1 t and nd sacral ert b c 
Enla ged ir 1 r tram e c pr esse 

P rt ai or o pi rc c I at n f the tn s p ^ 

the 1 St I mb r se^m t 
A hi h l\i 1 mbar e t bra 

Anrr '»fth rtallntrf eprt f er 
tebr 11 Ur dt n" n nda v 1 Tl m h 
n\lcpnl tl jrv up npcdpnc 

H gh ly g L mb V r+ b 

\ hi^’h hmg lumbar ertel a s uuilU observed m the 
fern le whereas m the nalc it usial fir the last lumbar 
\ ertebra to sit v ell down in the pel is so that a line dra i n 
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across the iliac crests is midwij between the intervertebral 
disk of the fourth and fifth lumbar segments In the female 
the vertebra sits rather high so that a line drawn through the 
iliac crest courses tiirouoh the bottom of the last lumbar 
vertebra this allows of greater flcvibilitj Occasional!) in 
males we observe a high Ijing last lumbar vertebra and this 
tv pc of back IS not a good one for manual labor 
Anomalies of this sort are usually ^vamless and merely pro 
ducc sy mptoms as a result of faulty mechanics Such faulty 
mechames cause abnormal stresses and strains which arc nor 
null) compensated for by the muscular and Ugamentous struc 
tures If however these structures are injured they arc then 
disorganized mechanically and result m a certain amount of 
mechanical decompensation with pain This explains why 
patients suffer long continued periods of disability m the 
presence of congenita! malformations ^et much stress is 
placed upon the aggravation occasioned by the accident and 
the patient is treated because of this Too much emphasis is 
placed upon the structural malformations and too little upon 
the ligamentous structures 

L mb sa al Fac I 

Stability of the lumbosacril region depends m large degree 
upon the relationship of the facets to one another and upon 
their position The most stable of these are those so placed as 
to be in the sagittal plane the least stable arc those tint are 
both oblique and m the coronal plane for these latter allow 
of cvcessiv c inobilitv at the lumbosacral angle and during the 
extremes f f flexion and extension they are apt to be sev crelv 
injured It is in this t\pe of 1 ack that \vc are confronted with 
protracted cases of disabilitv resulting from injurv 

Terguson aj tly states that when the facets arc of the un 
stable variety— tint is placed in the obli jue and cr roml planes 
“they nvav lead tt the development of a pcstcrior displace 
ment of the spinal cr lumn on the sacniin so that a line draw n 
through the posterior maigm of the last lumbar vertebra 
courses behind the antenor border of the sacral canal The 
sagittal facets allow mg of the least amount of motion at the 
liinil osicnl anMc arc the least likely to predispose to stresses 
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and strains m this \icinit) This fact is impt rtant of rccocni 
non and she uid aid the examiner in his ci alintion 

E la ged T s s Pr u 

It IS frequentl) noted that the transserse process of the 
fast fumbar i eitebra on one or both sides ma\ be enlarged or 



r I S—Tb dl n p a 1 m d fTu) ra rscp« 
cssc f th 1 I mbar nb hpnl ral Th ”, 

f c bn h list I mb ■mi d h rum h bl a 

pi hos bn th^hdhlb h ^P', 

JhosbncchJdl4hlb pits hp-l 

P> 

nia\ be pirn 11\ ore iijIctcU vi rali/c I S b in nnlies arc 
{ un i in i hat i com i nZi In n i rni iti i d i erfebne 
bidi J)j e poorJv dc J j cl icrtcl r I I I cs Hie c tnnsi 
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tK njl \ertel ne are aliiioM ilw j\s iccompanied 1)) a narr j\\ 
ing of the inttr\ crtebrjl disk between themselves ind the ad 
jacent vertebral seament (hij, 1 8) Therefore when the e\ 
aminer in reviewing the \ rt\ observes a nirrowing of the 
inters ertebral disk becw ecn the lost lumbar ind the first sacnl 
segment he should not be misled It is quite common for this 
area normallv to be narrowed and the posterior half is more 
apt to be narrow er than the antenor portion 

In the presence of transitional vertebrae or congenital 
anomalies such disks are narrowed to a greater degree and ma) 
even he absent This does not nccessarilv mean that the inter 
V enebral disl is displaced Displacements are least apt to occur 
when the transverse processes ire sacnlized for such vertc 
brae exhibit little or no movement between themselves ind the 
sacrum 

Sp dyl Idh 

In spondvlolisthesis the articular facets of the last lumbar 
vertebra— that is between it and the sacral component— are 
noted to be quite rudimentarv In addition one mav note a 
defect in the laminae between the inferior facet and the 
pedicle and such defect can ilso be noted before displicc 
ment tal es place (Figs 1 '*9-1 3 ) 

Patients suffering from this affliction maj be free from pain 
An abnormal stress however mi> result in i displacement of 
the last lumbar vertebra anterit rlv on the sacrum because of 
the weakness of the posterior components of the vertebnl 
bodv This lad c f stability illovvs of the persistence of sy mp 
toms following in in)ur). The injury of itself is not the ciuse 
c f the d splaccment in most instances for compiram e \ rav s 
taken before and after the accident usuallv fail to rev eal anv 
chancre in the position of the vertebra It does however serve 
as an aworavitmc factor ind results in muscle pasm ind irri 
tuion 

E agg I d L mb I A g1 

This IS a frequent cause of lumbfjsicral pun w ith or w ith 
out superimposed trauma for the center of gravity of the 
trunl IS necessanlv poorlv transported in these cases and as 
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a result abnormal stresses and strains irc pi iced upon the lontj 
spinal muscles One can consider this angle ti be w ithin nor 
inal limits w hen it is less than 4’ degrees from the h inzontal 
axis The greater the angle the greater the degree of ihnornial 
strain taking a part in the formation of s\ mptoms 

X RAY EXAMINATION 

A AdiDtflhabtw Ft dDl f 

V t b I S gm t 

An interesting ohsenati n has been made concerning the 
relationship between the vertebral borders in fractures In 



attempting to distinguish between fricture and disease of the 
spine one can measure the angle bens cen the postenor \ ene 
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Fhystcal Exiriiiiiation ~'Vbc pntient is 5 feet 4 inches in height 
and weighs 160 pound He t alks without a limp and without 
cMemal support Hi general p sture is go d and h s niii culature 
excellent He stands with the left shoulder a trifle higher than 
the ri ht but there is no apparent deformitx of the spine Det a 
tion of the amis o cr the head ind balanc ng w eight on e ther 
foot is unaccompanied b\ comphmts of pain T he line crests and 
gl teal folds are on equal Icxcls an! the gluteal regions are 
cqualh developed 

\toievieits of Towo— These movements arc restricted in nil 
directions Flexion 10 degrees extens n 10 degrees si Ic lending 
to ripht and left IS degrees and all are accompan cd I \ a c ni 
plai t of pain across the Inml osacral region without rad ation 
The movements when m the sittm" pos t on arc similarH re 
str cted 

hen the patient is l\ mg in the supine p sition the torso is 
ssnunetncal nd the ahdom nal exan nat on ntg txve When in 
the prone pos tion the torso is s\ mmetncal the lumbosacral angle 
norma! a d there s no ev dcnce of mu I spasm There no 
pv as spasm Deep percussion dt es not elicit an) areas of tender 
ness hho gh the patient complains of deep p 1 1 in the left 
lumb sa ral angle nd al out the n dport on f the sacrum 
Moieivcits of th foiins of tie Lou Extret ificr— These 
mo cnicms arc n nnal Straight le<» raising is possible for 80 do 
grees v ithout hamstring spasm but with a complant of p m at 
th limb sicral an<»!e \lc surementsof the 1 wer extremities arc 
e ) 1 and the ncu ol gical exan m t on is ncgaii e 
Fr ni the dm I examination there is appar ntlj no defect 
to cc( t ft r th alleged c mpla nts 
\ ray Exaii lation —In the ant r posterior c the la t luml ar 
ertci ra h ( its m nv sac al ch cten tics In the lateral v ic 
the 1 nibo ral an"le is no il and there is no tendenev t ards 
in tab I IS of tl e last luthb r sctxebr 


Ituprcssio -It m\ impre n th t there is no e\ dence of 
an orthop d c nature to account f r h complaint of pam and 
n my rep ri I rated After sevc al exa i nations of this patient 
I m of th pinion that he veil al le to return to his former 
ccup t on n I f nher i eat i ent i n t esse tial 
The p t t V as 1 cqu ntl\ exa iiined t d ffe ent times I s 
three the sirg n tv of vhom v ere of the npmi n that the 
c pi ntl dap th I ijcl sihat p ol I h related to the 
t lent I of the an us rep n met eators v atched 
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bral b rcicr an I tlie top ind br tt h of tlie iin hcdscniicnt 
In a fracture there is mo t c ften a to uprcssinn ( nl\ of the 
upper border wherex the inferior in^le i iionnil In di caiC 
r in t< nipressinn due r niabtmanev there appears t) Ic i 
lessemnfT of loti the superior ind mfenor angles (Ulis ) 
(SeeFi'- 133) 

e then proceed to dctennmc « fierher this compression 
fracture is recent or remote b\ subjecting the patient to the 
jach test or forced h\*pcre\tension of the spine under ane 
thesia If the compression is of recent origin one can antic pate 
that the defomutv uill he corrected if the injurv is of nn" 
duration such correction will not be obtained \\c cannot 
make a dia<mosis of a recent compression fneture mcrelv I \ 
ctamimn'T the roentgenograms in cverv case for the compres 
Sion nn\ be uithm the bodv itself and need not result in 
roentgen appearances indicatiec of a fresh injurv 

ILLUSTRATIVE CASES 

Of ei"htv tuo cases studied I have selected nine for par 
ticular c insidcntion as illustrative of some of the nnn\ phases 
of the industrial back problem 

Ca IBkliryL gNE*de fPthlgcChg 
SbsqetCmpI HPbblyMIg g 

■\n Ital n n ale I bor r a'' d th m three \ ears n le a st ck 

man I v cup no On Apr I I4 I9J9 du n'' the c rse f h s 

cmplov ment. he att mpted to lift a roll of pap r e h g s me 

300 p unds Mich ut ssisr nc He felt a s pp " p n h s 

lo er 1 ck for h ch he rare cd e icr nev treatm t B c se 
of th s d tu f ance he as t t llv d sat fed f r th rtv m eks 
and part li\ d aMed f r s t\ cn e ks D ir " the pe \ 
of part aldshlnh Idnt turn to ork 

He as first e\am ned I V me o A *^1514 1939 pp ' t I\ 
f r months aftc th ccifcnt ndaan /reasOrJ r 1941 
H chief c mpla nts re th sc of i b 1 1 \ t I e d a d p n n 

th left iumbo cral c<' n H tat d th t he s IT r 1 p a r 

the m ddle f h s I a k hen Iv n" d h n Hi i 

ut of 1 nd hen he tte npted to aJk f i J -nh f 
t e he h d t St p nd f p ss ble I d ti He 1 ca c a I 

h t n f p!a ts, n head hes, d 2 es i nd 

o forth 
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e h b ts a n lid dor a! k\ phos s a th 1 iteration of tl e norma! 
lattibac curve rid prominence of the long spinal muscles Whe 
standing he exhibits a slight shift of the trunk to the r ght Move 
ments of the torso are restncted in all directions when bending 
forward he has to assise himself and flexion is pos ble for 35 
deirrees He states that he has greater difficukv in re i umin<r the 
erect position 

In sitting position all mo emencs of the spine are similarh 
restricted 

In the supine postion the torso is svnuiietncal and there is 
no defect in mo emems of the joints of the lower extrem t es 
The Laseg e Kemig and P tr ck s gn are po t \ e on ! th si les 
and there i 1 inch atroph\ of tie left thif^h and c If Neither 
ankle jerk can be el c ted There are no sen orv < hanwes The 
Ober tests are negative 

Laborato v Tests — Sp n 1 flu d stud es n anometric readings 
normal total protein 150 m" per 100 cc of fl id \ ra\s of the 
lumbosacral sp ne are ivotmal 

Diagnosis — 0\\ m" to the pers stcnce f complaints the radi 
ton of pain tie sc tcsvndrome the nac r of the accident nd 
the increase in the cerebro pin 1 p ot n content nd in spite of 
the negative x ra\s the d t^no is i that of d sk protrusion In mv 
rep rt I stated It mv impression that we re dealin" than 
intraspm 1 patl o 1 o<tic prt cess h ch require further study vnd 
perhaps lammect mv 

A n urolo<T sc w ho asked t see the patient \ ith me re 
ported the f 11 vin" I believe that the p t ent h s a comp ession 
f the left f urth nd fifth lumbar roots The act n tu e of the 
lesion cann t definitclv be st ted \\ id ut e tl er lip dol studv 
r hn ct niv The p te ts 1 \ i \ fo tun teh 

h nest nd ithout d stort n b> a^er t on The 1 scorv an 1 
b orm 1 s enable the localizat on 
Unfortun t 1\ the case settl d and did not come t ope a 
t on The p t tnt cei cd ompens t on for th rt\ fiv e eeks f 

t t 1 te p r r\ d I 1 tv hich I ec u e f h lo e nino 

cap c tv as e ]U !e t to $ 48 00 and a I ip um settlement 

of 5700 00 It n t kno n v heth r he ret ned to h s pre\ us 

ccupat on 

C III V rt b I Ost my It F II w g I I ry 
Tl p r ent hitc man ag d th rtv s en v ars a ni ht 
atchman b\ occup tion \ as first se n n ] 1915 }-je 
stated that he had suffered p in m the msdback region for three 
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tfus mn and thev reporfed He ha around a I ca] score the 
creater part of th time and appears to be cheerful and does not 
act as if there is an)lhin" Tong \ ih him This report is unfair 
f r It does not state hat the p tent nd A man withal mho 
sa r I sprain or strain can be chcc f I and can han<T ar und a 
St but he maj not be able to perform m nual labor 

There is n rea n to suppose riiat this p t ent suffers fr ni 
a disk, protrusi n E n tho «h the disabilirv has be n prolon ed 
t has not resulted in anv f the svmptoms h ch could be so 
int rp eted The f ct that the I sc I mbar vert b a is n »reat part 
sacralmed does n t in anv av result in a «fra at n of a b ck 
srramn rsh fdth spine be funh r stabilized for nmv opimon 
It IS sufRcie th St b lizcd Sacrahzau n or pan al s cralizat n f 
the last lumbar ert b when it issvmmetncal mo dine and doe 
not cthib t e\ idences of instab Iin s perfeedv harmles in f ct. 
such a \ ertebra app ars to be much $tron<' and gives ereater 
strennth t the back tl an the hmbar vertebr with irreg larh 
placed fa ts 

In tfez, of f Y luUlity to fni o pJtholopc c million that 
High account fa the p tentt syvtptoin tt is tty imp es on 
that tl e patie n tho U I c looU i upo i as a i al gerer 


C II P babf ( i rverf R hgfm 

1 1 n 

The pati nt a h tc m Ic I bore a<'ed f rt) t o \ ears 5ft 
9 in hes m he he, le h n 160 pounds as in; red Ecbruarv 
1 1938 ^^hcn n bv m m O t ber 19 8 h ca the fol 


lo in" h St rv 

A he as push n" a b Iba ro full f oal p an 8 f ot 
nbeth v heel ca htmacrc ce ndntrvinf't pevetthe 
bar o\ from tipping he t ted his back sudde h and fore blj 
this as acc nipatued bv a lo d sn ppm" sound He ffered im 
m diate pain but continued petfontun" I ht ork f r an thcr 
m nth U h n cn he c mpl ned f c nt n u p m n the 1 m 
b r "ion V th d anon do n the left 1 r c tremit) Th 

pain V a p sent n I n he s at rest nd v as rse dunn 

□1 tv Coa hin" and sn ezuig ai^ra ted th pain a d h as 


orsc d rmg th r cha "es 
Pbys cal E am at ot -Th pat nt i c 
dci n H alks th t bmp d ith 
h IS able to cm hi cf rfu " th ut 
dc ffet Hsg Iptir n 


II nt g eral n 
t e t m 1 s pp rt 
can e The e is n 
d r t h go d H 
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ance is suggestive either of osteom) el tis or tuberculosis (Figs 
134 135 136) 

Laboratory All laboratorv tests were nef'atnc except 

the K! ne diagnostic and exclusion tests hich were positive 
Sul sequent History —After five weeks of rest in h> perexten 
SI n and ant luetic treatment the patient was d scharge 1 wearing 
a plaster j ket Shortly thereafter he was re admitce 1 to the 
lusp tal because of increasing weakness of the lo ver extremities 
The subsequent course of events led to a diar^nrsis of osteo 
mjelits for the patient developed a cortc I bscess involving 
the tibia and a lesirn involving one of the phal nges of his left 
hand Operation upon the t bia ga e p sit c c idcnce of lo 
grade steomv el tis The culture— n nhemolv tic Stapivv lococcu 
aureus The pat nt developed a paraplegi without sens )r\ rcc 
tal or bladder changes 

The patient as discharged c "ht m nth later car ng a 
Knitht sp nal br cc and when last s en Deccml cr 1939 f ur 
and a half vears after the onset he had completelv recrvcrcl 
The last raj e n nation revealed complete c nsol dation of 
the tentl ele emit an 1 twelfth d< r al segment itl I( if tl c 
inter ertel al sp c ngs Ac no time dur the c urse of the dis 
case CO Id a s ft ti uc infiltrat o suggestive of n I secs for 
mation be d tected 

hasmucb as the pittem suffered he I bad p ti for tlr c 
vtomls prior to the acetie t it vtust be iif rred tl it tic injury 
VI rely ace tinted the diseue He as a rded e npcnati non 
th I as 

C se IV K mm II D se f th Sp 

Tl e p tent hitc male lal rcr «cd fifc\ ver vvt i 
)urcd December 7 1938 iiticfllv lanner \Vithihcnid 
f n tint 1 1 lifti ig 1 can of t rta v he v the ca i 

rcT 1 cd 1 e It f 14 nthc tl c a t t Ir ppc 11 Me and 

tl e f 11 fri t fell the pn ent H felt a I Icn nip n his 

I r I 1 k I h cl him i fill t tl c i. i id \\ I cn c n 

Ji c < I7t; I 1 1 II t rcturi It rk 1 pi cd f 
P 1 1 I k tl n I I tv I Ect 1 ut th t 1 pp rt 
^ ^ t > I I I - )l pin t h 1 t 1 I rs I kvi h 
'I d 't ' n f tl I 1 ir Cl, 1 1 Ic p 111 \I c 

n t f tl c pii r rcstr tc 1 \ IM c t n 1 Ic c hil t 

]T icVrIl tn sciatcn nc ijlKcal r calf n utlc ten Icr 

' ^ ‘ I I crvati n arc nco ti c and there js no 



538 


IR\rN B\LrNS\\£IC 


HI ntl s 1 lie n t me picitate 1 V iii nth I ef rt e iiinat n 
I e \ a tr k ac hi 1 k U a I ca\\ n t I ! an 1 fr 
tl erv n tl e I ain I a te m I ncapic t t n 
PI ysicil Ermi I noii~-{Jp i idus. nt the 1 p tal tl pa 
tient tenipe tir a n de atel\ clc atcJ He c aciited nl 
ffers ac te pim He stand and alks a ki ardl\ \ ith flat 
I k and th the lon<» pnd mus les m cate of pi He 
pre ents a sharp k% ph n bet cen the tenth d rsil and hr 1 1 ni 
b r sc"m nts There is complete r striction of m t on f the 
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ance is sug^estnc cither of o»teoin>clitis or tuberculosis (Figs 
134 135 136) 

Lilorjtory T«/j— All Jaborator\ tests % ere ne*T3ti\e except 
the Kline diagnostic and exclusion tests hich ^^e^e positne 
Sitbscque t Hijtory —After fi\e \ ceks of rest m h\pcrexten 
Sion and antiluctic treatn ent the patient was discharged x carin" 
a plaster jacket Shortly thereafter he \v as re adm tted to the 
h sp tal I ecausc of increasing xxeakness of the lo er extremities 
The sub equent course of exetits led to a d a^n sis of osteo 
in)eltis for the pate t developed a cortical abscess involvinc' 
the tibia and a lesion involving one of the phalan cs of his left 
hand Operation upon the tibia <»a c positi c evidence f lo 
g ade osteomv elitis The culture— n nhemolv 1 1 Staphv lococcus 
au eus The patient dev cl ped a p jplegu th ut sensorv rec 
ul r I ladder changes 

The patent was discharged eight months later wearing 
Kn ht spin I brace nd when last seen Decenil er 1939 f ur 
a d a half vears after the on « he had completelv recovered 
The last \ aj exam nation reve led complete consol dation f 
the tenth elc enth and tvi clfth dors I se«menrs w ith lo ( f the 
ntervcftel at spac ngs At no t me liir ng the coi rse f the d 
c se could soft tis ue infiltration sugge t e of an ab cess f r 
m ti n be detected 

hnsvmch as tin p tieiit suffer i local bid. pun for thr c 
VI 01 tl s prior to the t ci Ictit n rust be i ferre 1 tl n tl e injury 
u ercly lec iiti ue { tl hseisc He as a a ded c pensatiun n 
th b IS 

C I IV K mm II Ds s f fhe Spi e 
The p tient a h te n ale lab ter a^ed fiftv \c rs as in 

|U ed Uccember 7 I ^38 in the folio ing manner \\ ith the a d 

of n a SI tint Ic s liftng can f niort when the an 
rci Ik 1 a he Hit f 14 mihc tl c as tant dr j pc 1 h si Ic and 
d c f 11 \ Cl 1 1 fell n tl c p tent He f It a u 11 n snap n his 
* c 1 I k I vh tl II t fill t tl c t,r nd U hen c n 
I 1 C t 19 ?; icl Intrtinlt kiidtnplncl f 
P'*' ' * 1 1 V It! n I il tv t t,ct I ut th t a upn rt 

1 1 'I I I I \ 7 nil -1 1 c n t ent cvhit t i i il kv i h 

'tl llurc 1 f tic I I it .T, nnl i Ic pj \l e 

’ f tl } nc c ctrttcl ill let n He cxhilit 
1 nve t I al I t n sti tit i e glut 1 r talf ii s le tend r 
OCX \ ur I ical obsevitiotis re ncgati c and tl e e is no 
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m ntii b It s I t in apac t tc 1 An inti I ef r e mat on 

Is t kar hiEkH IcajnerlJridfn 

tl en n tl c pa n 1 et nc a itc nd neap citir n 
Plysical Exmiiintou^Vp n lis i tl e h pit I tl e p 
tent ten per tire a »ler tcU clc ateil He ei uted il 
s fFe ct tc p 1 H tand nd alks 1\ ki a ll\ ch flat 

bark a f M tfi tf J n" spinal muscles n a star c f pasm He 

pre ns a sha p ka pho b t\ e n the tenth d rsal and first 1 1 1 
1 r s «n ents There K complete r tn tion of n ot n f the 



I g 134 F m r e 


Fg 1)4 (C II) -r g it f Ap 1 3 193 h 

m f I 

F 13 (Cas U) -L 1 f h ff d p n f ih p 

J 4 19J3 hUirp fhl h liti f 

I rt b 1 b d di 

F 1 6 (Ca ID -L rJ f • I f r d h If 

f f th I U g mpi sol d f h 

1 d g 

J ne n li 1 e t o s but n d f t » th an f moti n of 
tl ] nt f th I e xtre t s All pe 1 te t n n I 
nd th ne r I c I c am nat n n ati 

Ro wf? EXiTii Jtio — Ths cal r 'ml rn f tl lev 

th do al rteb thdm tnfth er Idnt f 
tl e r j,ht p rt ot th 1 d\ 1 h men rt I 1 d sk 1 t\ t 

th ele\ th d t V Ifth d I ert 1 a m rk d) d ni hed 

In th 1 t r 1 th e I d n f tl !e th d 1 
1 nt I t ev I le c f al ces^ f m at n The r \ pp 
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llapse of the fourtl thoncic ^c^teb^al b d\ and its pedicle on 
the left s de ith a soft ti sue shade m on either side of this body 
The skull reveals chaOj^es ind catne of a metastat c lesion 
A biop \ performed on the eery cal mass re ealed what a| 
pcared to be an epithelial car mom the origin of \ hich \\ i 
unkn \n The Renee J ne test f the i nne \ as negative 
Shorrlv after adnussi n rhe patent de eloped on plete 1 ss f 
h th sens t n and n t r pover f the loyvei extrcmites with 
alter d sensation to t uch sti il is ext n Img fr m the n pple 1 ne 
to the toes absent abdomi I refle e and bilateral Babinski 
SI n He al o exhibited i ke 1 e a gerat n t the deep reflexes 
f the lo 1 er ext e n tie part larlv f the left He i a m en 
de p X ray tl t^y f t rel ef f pa n 
/ pr sso -The p o^nisis po r nd the 1 keliho d is th t 
th patient 11 n t s«rv y T/ ci e brmi, i p an inter tint, 
pr bl in from rh vtehcol g / stanipoiiit Tl is the tcctieiit a 
coiipetu prodiivt' cm of th vt tastatic crrinona i.ith 
CO d to! emem or uu tb proc tr present prior to tie tin 
oj tie ttcc ie t a li s the p oce s hmened by the acc ient^ 
rh s man ha 1 worked for the sam omp ny for se ralyears 
M rhout int r nin<»^ per 1 f illness and thrut a ident 

There a e n \itnes e to sal t mi ate h siaten enr of aec dent 
but h h net ta^ t reaonHeto uppose that he did 1 e 

n acc dtm Th e xaa I ss t some 0 pounds folio mg th 

in) y With o t of c rd syinpt ms hae e ks ther after fol 
lo\ ed bj rap d pr e sion of y pt n tol "y 

Th s case til p n nd an pni n cann t be ventured It 

ea naf le to s pp h e that the njuty ct uld not I c 

t d il e m li'rnan y r c nt I ted to tl formation of the 
met t e hich re n t d n the kull nd n the cervical 

re« n 

C s VI R I t ! S m f th Sp f 1 d el M I V 

1 c 1 Ih P 1 

The p tient h t male 1 t r he aged fif?v si 

y rs V n) 1 d Jon 5 1940 x hen h staned t st ng 
St am to h ht I cr lack He c ntmu d rkin'» nd when 
n Sept a \ + 1940 h ompla ned of p n in h s low er 

la k th d t n toxvard the rolt hip d calf hich had 
"rad lly b cone vorse and he suffered num! ness f the right 
foot ft r tand n*^ ° 

Pi \sc I Exmr t t -Th patic t he 1 1 s < feet 7^ inches 
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afroph\ Str i he Ic^ fac ng j os bi f r 80 d rees and aii 
spe al tt ts are nCj,at e 

Roeiitr^eii hxmi /«»H-\r \ t ken December H 19J8 re 
^e I a l^ht \edw ag of the first Itmlar ertetr tl e t ken 
June 5 1939 shou an incr sc a the 3n>ou t of edf' 

DitJgi osis -( mpressi n fr ctur f the first I mba \ ert bra 
(Ki mmell s d seas t f the sp ne) 

C VMiM Cc m fSp w+hCdJ JmfC 
c d H w IK T m 

OnAu u c 27 1941 thcptient htebncklase oedtlun 
t \ 0 V cars slipped and f II I kward n;urn h r ht hould r 
He p t r e 1 1 ht k for $e eral \ eeks th ut c nsultin 
a doct r The p n n re scd nd \ ra\s ere t k n b t « for 
tunatel} the c fil d d not ncl de the upp r port n of the 

dorsi! sp ne r the e cal retj n Ph) i tl etap\ d d n t rel e 

him S \ eks 1 t h ot ccd nc s cakne of the lo\ e 

e trem t es ich bn an 1 he complain d f p m R p 

n mti a r s the m dth r re n 

\\ hen seen 0 t I er 8 1941 tl e p ti nt e 1 b ted a s n the 

Iftcrs t( e I neath the 1 ndll a I est ct n f m 

Cl n of the cen I pm 'I r f rhe d fti I r p e 

s\ re iplerch re t ct d d all tt pt at \ i nr le e 
aeon pm d b\ sere pan i th iidd sal H xhibtel 

t ndeme c Hi " th pn p c se f th \th to the 

t nth d I f tel I Mo ents f the ; t f th I \ er 
tremt rnnl lUf Itet rn*T3tcllc 
a n trophs 

l\ct ol i, I hx tl It 01 — Dpp t mes reflev s hvpe 

t\c > I r ! refle kJppe aid mal fie t 
( r n ter fl f nr 1 o r t cm t\ refle e n rkedh 
a <r r ce I P 1 c ral p tell r cl nu and u est r ght a kl 
Ion s R ^,hr b bm k The e s ns rs ch n"e s t tb 

p t nt rate 4 ththhl fin f m!e fnti h 
t th re n b th s dc 

Hospit I ation as ad ised 

R e> tgen E xn aat —Upon tl e p t ent s dmi n t th 
h sp tal k afle the cc d t th r s s re e led d 

truct o f the pm ns pr c s and lam n of the fifth rs 1 
\ ertebt i d the 1 t ral marg n of tfit th d e e th c rs I 
gme Its "n p n p c ss of chc Etch ! n I 

ab ent nd repla ed bs d nse s ft t s e m ss Th d c net 
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m diameter w ith no local heat The skin is frecK nio\ able o\ er 
the mass and « is firmly attached to the ilium 
Movements of the joints f the 1 wer extremities are noriml 
and there is no atroplvi Neurological observations and all special 
tests are ne»Tati\ e 

Roentgen Findings— Tht tight ilium close to the posterior 
superior iliac sp nc exhibits an area of absorption together v ith 
a 1 teak nfT thr i,h and elevation of the pen teum 1 his picture 
IS one usualU found m a sarcoma and not in a metastatic lesion 
The pathologic area is triangular in shape and extends do nward 
for a d stance of about 3 inches with the apex pointing hstallj 
(Sec Fig 137) 

Impression —In mj report I stated It is ni\ impres n that 
this IS sarcomatous degeneration and i unrelated to the alleged 
accident « the accident wax not <ne of direct impact Ths is 
not a local tj that would be liable to great strain when resist ng 
a hcan object f r in this instance the long spinal m scles come 
into plat and tliej are not attached t this area The sarcon a is 
mcreK coincidental 

Stilfsejuent History -L ttt the p tient stated th t he had 
struck the tight s dc of his hip again t an object He may have 
struck h right hip but he as n t injured in the location where 
the turn r originated Sub equentU ic v as )e rned th t he had 
SI fTer d pam m his I ack foil g urination for se ral \ ears 
foil iftg mv exvminat n I vas referred f t an aspiration 
b psv this rev ealed a sp die c 11 sarcoma The path 1 gist s c 
port dated Septeml cr 9 l9-}0 states The tumor had noth ng 
t do Ith injury Th injur) was Ight nd the ymptnmsde 
velop d gradualh The time intervals a inton tent vith a 
traum t c Ics n 


The patient died Ma h 6 1941 and in a report d ted N vem 
\>er 8 1941 the p tholo ist stated The injury of June 1940 
did n t cause or aggravate the inal*m nt t mor b cause of the 
h stor) of back p ns m 1938 and difficultv w ith urination of 
to i£T stand ng The patient s death \ as not caused or hastened by 
the injurj 

T1 c IS d ffci It of c aluation It must be adn tted that the 
patient and 1 s phv cun ere n t a arc of the fa t that he suf 

fered a II \ n v v h n ihcv rep rted the cond non as fein" 

d to cci Ic t II tl c a c dent had I cen competent producin'- 

ca f the d t I incc h \ er the cha n of c ents o Id 
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I wei ht 157 pound Ht e\f»f ts in €\t \ rsnl k\pl si 

\ itli e ond r> lu I ) cnl loll \\in<T H jlk \^l 
waddlmo’ j,Jir 

Uoie7ne?ns of Spin -FI \ n of 4J Ie<» ec Inn II he 
onh bolt 10 decree, of thi ntonocur tl p ten 

SI n of 10 de rees but n ne (f th occurs n the spn J 



F 137 (O \1) — Th 6 fdtnghJmdptsth ■nilif 

# h p d m I In 

bendin<T to n^ht and 1 ft lO de^ «s These not m nt arc c 
c mpanied hi spasm of rfi Ion sp nal m sol s In th s 
p siti nth mosements resnilaH est ct d 
\\ itK the p n nt Iv rt p pos tio tl 1 p al 
n u I ir held dh Th onli p mt of rende n ss rh 

ric'ht 1 mb sa nl e n and nrn d t h adj c t th I 

rest In th s ea h e h b ft a soft t ic ss as n he 
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J 1\ 19^H he c iipbmed >f pun n the lc^ er I Kk and state 1 
that his l(\\er extremities felt hca\\ 

ErrojWTfioH — The patients height is ? feet 6 inches and h 
weiijht 140 pounds There i complete rcstncti n of motion f 
the sp nc his back is flat and there is h s of the norm 1 lumbar 
c ne lut no muscle spasm Stra i»ht lc|, ra sini, i n rmal and 
the neurolo ical obser atiom negati e H chc t e pansion i 
i initcd tor a patient f his ape 

Roentgen Fin iings —Fa h re « f f sion « f the Ian inae of tl e 
htst sacral segment B th sacto liac ) inis ate moth eaten In 
the 1 tetal \ e il c cr tm i d place 1 po teriorl\ appro\imatel\ 
’s inci (See Fig 138 ) 

Diagnosis -Caih M ne Stn i pell d case of the spine unstable 
1 mbosacral spine 

\U ret rt tated Th acciUnt hi not creU the p tbologic 
places: 1 1 1 the injury couH x yx.ellhnc iccentintei the pt n 
heca c of the d c of the spine t is e peered tl at hi return 
to the pre accident st nis s ill 1 c delased f the pat ent \ ere 
older the perio \ of 1 ab ht\ soil nati all\ I c gr ater 
The sul s cj lent cr urse unkn nil a e a settled and 
tlxe patient s all \ed c mpen at n f c sxteen x e ks of ten 
porar\ d I 1 1\ am unt l * S400(X) nd limp m aiard 
f $ 00 00 


c« e VIU Ft { Sp e 

A > hitc male i do clean r a^cd forts three \ cars as m 
) re 1 Felriars 1939 x I cn I fell 14 feet a d 1 nled n tl e 

pa\e 1 ent on I 1 ft 1 ccl He sta nc I a f ct ir r f tl e first 

i ml ar xe tel a 1 1 a nm tc I fraci r f il c left os calcis 
M hen seen Septc her 8 1939 exen nths after the accident 
he rc a spn 1 I r ce 

trm/ Httwii -I le n f tl sp ne 4<1 legtccs w iih the I acl 

' ell roun led tl 1 1 i clc p n c i n ion 5 decree an I 

SI !c I nd j, t r 1 1 nd left 10 leer The r utme ex m na 
tion as ess t all n c i \ cpt f r the fr cti re f the s 
c Ic 


No tr ticnt asdrctclt h lick d horth thereafter 
he h c rded the I n i t a 1 no fi rthcr sp nal conipla nts 
R e tfint { v-M fc ate c npre i n of the first limb 
n Ua tl I nmx t n ( th d k p ce \ i cen the t clfth 
1 rs 1 and th hr t 1 I emne t 
\\ I c 1 h t see 1 I teen n < nth after the i i|nrt the ranije of 



>44 


IRVIN B«.ENS\\EIG 


ch injurs w a a d re c one nd no hiscon of an\ { cal contt n 
or hen orrha c mhlcr ti n f llo n the nj n It is not reison 
able to suppose tl at tn 1 sect vntsele n let ce to i p n can r silt 
mat hgnvicy 1 iiless tl ere ts Itr ct ani wm e hate e ienc of 
lip ry 

C VII M St mp n D$ { th Sp S b| t d t 
T m t m 

A % hite mal fact r\ nsp ct r a ed t enn f c j cars as. n 
I red 1 April 1938 h n h f 11 h ck\ ards t t d d n t stnk 



b back Foil tl de t h ff r d pa h I 

b k th ad t n t h 1 r cl « 
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1 <T j j agyears Th > ungest 23> is f b Ih Id t 
T m { md t of id t 1 1 H Iher m I 
Les tha 6 m th 
1 m 6 12 m ths 

12 18 
18 24 

24 30 

30 36 

3f 42 
42 4$ 

48 m tb p d 

Ueci m } ] il d by Ih f i t 

Lift g t 
T t 8 
F ll» f m height 

Fllgbliwdlmtdgpo ladg 8 d 
Cru h 8 in] es 


30 
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m tj n f hi spine } d increased ind n \cnent wer te 
p nle He tated that if h f t n niul 1 e c ulJ e> e 
his forn r c upati n 

C e I5C S (e O f p d Arf I 

A \\h te m le hosp t ! orderU d s ts s en \ ears \i s n 
jured Ma\ 5 193^ hep eked p a pat ent nd felt om th " 
sn p in h s ba k After fir \ ks of bed sc h reti med r 
\\ k and p rf med part iimc \ ork unt I F bruars 193S \\ hen 
seen April 18 1939 I e complain d of pa me oss the 1 i r I ck 
M ith difficult m tv alk ng d \ n steps 
Exii? /Wilt on -He ts in po r g ne I co id t on 5 fe t 9 nche 
in he oht and \e "h Ijl po nds He eth bits fi 1 1 k m cl 
spasn ma ked muscle tr roor nd c iden cs f g ne 1 z d o te 
arthr t Ml o cm ts of the sp ne a e est cted nd ac m 

pan ed b\ pa and m le pa m \\ h n h in" i I th th u 

{ line an 1 prone position th re s omplet Is f the n rmal 

umba curve H e hibts b lateral p o s spa n M e ent f 

rfi f ncs f ffte /on er \fr m t e c ns der h a*re e f 

Th re s no at oph\ nd the neur 1 c 1 e\ m ti j nC" t e 
Koetngen Fii fngr-Ma ked ste ph\tc p od t n is e 

n 1 1 g the lun bar se^n nt i the a te poste >r i \ th 

omplete f s n f the n ht sacro 1 a artic lat on nd r u 
1 nn f the 1 ft In the I te I e one t s o t ophi t c pro 
I n" t ns ar sm" f om the anter n ar« n of th 1 mb c at 
pine 

Imprcs ton —Gen ral d ostc arth t —not a sed b\ ac dent 
It s nt rest to n re th t th m n perform d 1 b ri us ork 
f r t o \ cars folio m" hi d nt th t s 1 ft he -\ p 
t ents > Ith onli fit e k f t t I d s bil t\ t c th e s ars 

1 t r he all g s he a a n be me c mplct 1\ d sabled bee u e f 

th mac dent 

The ae a cl d Dec mher 30 19 9 he he as at rded 
on p n at n for f rt\ n ne \ eeks ifprtaldsbln da 

I mp u ettle nt of $1200 00 It c. n c kn n h th he 

turn d t k s b qu nrl\ 

REVIEW OF CASES 

As stated preiiousU the seres under retie included 
eighrt two cases These were thoroughl) studed bt me 
man) of the patients bcin" hosp tabzed for such srud) hut 
none^was pers nalH treated An Ivrcal dita co crinn the his 
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was fused This operation was performed prior to the trau 
matism for w hich I examined her \\ hen seen b\ rne tw o ) ears 
after the operation she insisted that the pain had been more 
se\ ere lollow mg the operation than before it 
One patient w as subjected to a coccv gectom> w ithouc an) 
relief whatsoeter In fact the three patients with cocc)^o 
dy ma det eloped an anxietj neurosis w hich w as quite persistent 
in character 

Four patients had Oler operntoiis Of these three were 
operated upon following compensable injuries and all three 
stated that their conditions had not improved as a result of the 
operation The other patient for whom the operation was 
performed because of a sciatic syndrome tw o > cars prior to 
the accident stated that the operation had rdiev td him of all 
his discomfort It ir therefore difficult to vieastir the wiowit 
of relief obtained from such operations m the compensable 
case 

Two patients had the gluteus maximus muscle stripping 
operation One of these had had the Ober operation performed 
prior to the accident and he insisted that the combined opera 
tions had relieved him of his sciatic syndrome The other 
patient stated that he was not benefited b\ the operation 
Fw ■) patients were subjected to Ivnmectomy for disk pro 
truswn with negam e findings at the time of operation In both 
of these cases the pain persisted after the operativ e interv en 
tion 

In this series there ere three cases of Mane Stnmipell dts 
ease of tl e spine conij heated b\ injury In none of them w as 
the mjurv Qt itsclt a competent producing cause of the disease 
as w e recognize this affliction and the injuries \\ ere not suf 
hcient to cause more than the usual sprain In spite of this the 
\ itiems receiv cd compensation for a period of time on the 
gr i ids ti It tl c sccident aggravated tnc pain 

Of tic Cl cs cf tcnstable luuibir ertebra four e\ 
hib ted Icf nite degrees of spondv lolisthesis and m all \ ra\s 
tikcn \c 1 period of >cars were studied and compared 
There IS no chanfre « be noted in the lire \ ravs as com 
j ircd Mtl the earlier ones The accident m these cases was 
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torj oftlieinjiin ire gn en in Table 1 Table prcicnrs daci 
sliow mg tlie duration of the disability and the compensation 
and medical ct sts A ret lew of the latter compilation setms to 
indicate that the cost of compensation in the neracre case of 
bid injury m New \orl Stite far exceeds that of the gen 
eral a\ era<fe throughout the « unity 

A ty N 0 

Of the eights two cises examined for rhjs studi the nuin 
her diagnosed as. anxiety neuiosi wastwents five The time 
clapsinf^ from the dire of accident until the ti lie f nn e am 
ination v aned from less than s« months m one instance tu 
forts eight nunths and upward in eight instances It is m\ 
feeling that the longer the s\ niptonis persist and the longer 
the case dnsrs our thegrenterthechmeef r the development 
of 1 traumatic neurosis 

Mv records show that anxiety neurosis is m ire frequently 
observed between the a es of forty and fifty veirs m males 
and betv een twentv and thirtv vears m the compiranvelv 
small number of fern lies I hive hid occasion to evimme The 
only reason 1 cm isttibc for the occurrence of anxiety neu 
rosis in men in their forties is that it this at^e thev feel that 
they hav e reached their maximum f efficiencv and an acci 
dent It thi time instill jn them the fear that the\ \ ill be 
umble to resume their former occup m in Pnor to the itie of 
fortv It IS compiritivcH eas\ ir cl nf\ the problem f bad 
injury bv means of iminctiry urimment v\ I icl in i i irt 
time enibics the pirient ro re inie hi firmer cciparnnor 
some new i tciiparion fi r which he is phvsicillv u te I \ftcr 
the a^e of fifn it is t ) le cxpcctel thu the individi ai wiH h 
le s feirful bv thi tme he Inov s he In rciclicd h f f 
St me f cfficicncv in I iv il out rcadv f r i cli im^c f t i j i 
non or retirement r he mi\ depend iij n his hil Iren f< r 
sipporr In tint lecilc let een the a es f f rtv nl fifrv 
w e hav e the ni t trv in<» cial pr I leni t c i tc 1 itl 

Op ♦ R V It 

In one von i / iticnt tl 1 fu t of sr ro il 7C irtlntis 
wnsmaefe ind hec e fuhern<^t cr / c irr i/ir n 
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Larij hospitalization followed a definite system of 
therap) would save the insurance carriers enormous sums and 
would return the worker to ^^ainful pursuits sooner than is 
often the case witht ut such planned therapj It is mj opinion 
that patients with back injuries ire usually overimmobihzed 
and too little attention is paid to erercise and ps\ chotherapy 
The propensitv to operate or manipulate under anesthesia and 
to folhw this b\ long periods of immobilization is to be 
scnousH condemned 

CONCLUSIONS 

As the result of observations m the eighty two cases 
w Inch I hav e rev lew cd as a preparation for this paper I hav e 
come to the following conclusions regirdin«y the industrial 
bad problem 

1 The mechanism of i bad injury is the direct clue to 
the underh in«f di ease process A twisiin^ strain during a lift 
mu’ injury sh uld be suspected as t cause of disk protrusion 
\ lifting effort m an elderly patient may be productive of i 
ct miircssion of one or 111 rcvertcbrac this being mare pirtic 
ularly noted in the mid and It w er dorsal regions 

^ "1 he \ ray may be negim e m the presence of a true 
disibihty of organic origin ind highly positive in patients in 
whom pathologic clnn^e is mmiiml and even in those who 
c m 1 e cl issified as malingerers by a competent phv sical ex 
amimtion and investigation 

3 Interv cncbnl disk disturl mces are frequently unac 
t m} line \ Iv }* itivc r entgen ri\ findings 

4 C nfTcnital nnlformitions of the sjinc arc nrt the ciusc 
of lisabihty thev iinv however Ic contributory fictors 
when in unstable fifth Inml ir vertebra is noted 

Injiirv docs n t lo-^ra ite isteoartbrins unlc it cm he 
I r \ cd tl u there i i Ichmrc progression of the ch i (\ 
rv\ ) 

f \ fneture of the t elfth dorsal or first lumbar vertebn 
mav result in pam referred to the lumbtsicral mde tin 
mdicitcs tint whew the mechanism is such as t su^fcst this 
j os. ibilitv the tni Isj me should I c \ nv ed 

7 Cases of back injury should be referred tt tlio e phy s 
iciin wh ) hive hid a ltn,e expcnence with them so that the\ 
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Stared to be a competent produang cause of aggravaaon of 
the condition 

All the pauents after the age of fort^ disclosed evidences 
of moderate asteophyttc prolongations at the transitional 
let els and the degree of these prolongauons depended upon 
their occupations Onlj m the older patients was the osreo 
arthritis generalized It is mv impression from the data 
obtained that the osreopb> tie proJon^ations studied roentgen 
ologicallj oter a penod of jears faded to reveal any pro^res 
Sion In other w ords these were mechanical prolonf^tions that 
antedated the accident they were not due to traumansm 
and therefore w ere not prowressi e m character The accident 
merely created a sprained bacb supenniposed upon the pre 
CMsting mechanical arthrosis \ et such patients can claim di 
abiht) for vary mg periods of tune Again as mentioned pre 
viously the element of fear is a la^e one particularly be 
tween the ages of forty and fifty years 

There was one case of Paget s diseise complicated by an 
accident m which it was alleged that the accident agerravated 
the pain 

COMMENTS ON TREATMENT 

Cases of back injury should be referred to those physicians 
who have had a large experience with them so that they mav 
be properly evaluated and treated They should be seen by the 
specialist wnthm three months after the accident and sooner 
if possible and nor one or more j ears later for then rhe 
symptoms are thoroughly masked by extraneous factors and 
their evaluation is most difficult and even impossible This 
course is w ise both economically and socially 

The element of fear most be combated from the first Reha 
faiLtaoon of the patient by ncans of occupaaonal therapy 
must be insnruted early so that he w ill not be left to sit about 
from day to day continually becommg more and more self 
centered It is because of having nothmg useful to do that the 
averae^e indi idual develops dissansfaction with his lot with 
his physician with the insurance compani s and with the 
State 
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CONGENITAL DISLOCATION OF THE HIP 

G al C d t rij a d System f C r t e Treatme t 
ARTHUR KRIDA MD FACS 

CovcENiTAL dislocation of the hip is a defect in the prenatal 
development of the hip joint which exhibits familial racial 
and sex linked charactenstics 

Females predominate in the ratio of six to one Northern 
Mediterranean races are prone to It In Nev \orI City Ital 
lans Central Luropeans and Jews constitute the vast majoritj 
of patients with this condition as seen in orthopedic dimes 

The affection is bilateral m about one half of the cases 
when unilateral the left hip predominates in the ratio of about 
ten to one 

Congenital dislocation if the hip i> a defect w hich m m 
fancy and early childhood is manifest by comparatively minor 
disturbances of form and function but which with increasme 
1 e becomes associated with progressively increasing pliy sicol 
incapicitv From a therapeutic standpoint the condition is 
curable only in the phase in which it is accompanied by a 
uuninvil functional disturbance and becomes progressively 
less amenable to treitmcnt the greater the associated disability 
whicb IS another way of saying that the only period during 
w Inch congenital dislocation can be cured is m infancy and 
very cirly childhood and that therapeutic efforts after this 
time can result at best only in amelioration 
W hilc It IS j ossil le to make a diagnosis f the c mdition 
I n r t > the time the infant I cgins to w alk in a practical sense 
the )b\ lous sy mptoms manifest them eh cs fre m the time tliat 
ambuluinn is undertaken 
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nu) be propcrh e\ aluated and treated Thcj should be seen 
Ts soon as possible after the accident and not se\ eral \ ears 
later when their e\aIuation is most difficult 
8 Earlj hospitalization followed bj a definite system of 
therap\ is desirable It is m\ impression that nian\ injured 
backs have been ov enmmobilized and too little attention has 
been paid to c\ercise and ps\ chotberaj \ Lagemess t ( perate 
or manipulate under ancsthesn and to folio v this b^ Ion" 
periods of immobilization is senousi) condemned 
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monest being the genera! muscular h>poconu incident to 
s,e\ere iicUts In an\ e\ent the k ra> clarifies the diagnosis 
and demonstntes that the femoral heads art not m the ice 
tibuh 
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In this phase there w no cimjlum of pain and steondai) 
structural chinffcs ire it a minimum 

Sympt ms Lot Ch Idh d d Ad I 

As time goes on the disturbances of form and function in 
ere ise protrressn cl\ TTicre is as \ ec no p iin but there is com 
pliint of ^ealJiess and fatipie 
The dislocation nu\ var\ from i subluvition to a c impletc 
lorsal line displacement The fcnionl head may ha\e found 
1 resting pi ice beneath the anterior superior spine or ma\ 
hue progressed backward and may ha\e developed a sec 
ndari icctibuUim somewhere on the side of the ilium or the 
hcil mi\ Ic tnniplctcly free in the muscular tissues pos 
tcnorlv thus c mstjtutin" the complete dorsal iluc dislocation 
The r rrv will show thit the onmnal acetabulum is ver\ 
shall )w < r ncirlv ol htented that the head of the femur his 
lo t Its rniunditv to i \anablc deijrce md ihii the neck of the 
femur ij pcirs till further shortened 



5j4 


•VRTHUR KRID' 


SYMPTOMS 

Sympt m If y nd E lyChldS d 

Umlxtebvl Dislocation —In most cases the nu ther brin s 
the A oung patient in seeking an etplanation for a slight aswi 
nmry of the limbs which she has noted and for the Innp On 
c\aminanc n the affected extremity is seen to be a little short 
There may he some slight atrophy of tlic thigh the trochanter 
IS felt to be a little hi^'h and there usually is a sh ht de<free of 
rejtrictioH of tnotioii in the abduction ranoc Other mt e 
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ments are usually quite free although hyperexte ision son c 
times IS al o lim led The 7 reitdelenlnirg sigu i j resent 
The X MV will show that the femoral head is not in the 
acetabulum and that the epiphysis of the dislocated h p has 
ossified to a lesser extent than that of the n mu! Ii p 1 he 
X ra\ ill also sho \ frequently an apparent sh rteninw of tl c 
femoral neck \hich will be discussed later 
Bilatiral Dislocahos -In b lateral cases the abnorm lit\ 
of t^air w hich 1 note I is a ancty tf addle ihichha fr 
quently been referred to a the duel. i.jd He It is tru th t 
other conditions mas imulate this duck addle the tom 
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monest being the general muscular livpotonu incident to 
severe ncUts In ans event the v ra\ clarifies the diagnosis 
and demonstrates that the femoral heads arc not in the ace 
tabula 



In this phase there is no complaint of pain and secondarj 
structural changes arc « a minimum 

S-^rnpl rrrt n L ^ t Ch Idh od d Adol t 

\s tunc goes on the disturbances of form and function in 
crease progressn eh I here is as \ ct no pain but there is coin 
plaint of ■ucjl.wcJJ and 

The dislocatK n niav \ar\ from a subUixUion to a c iinpletc 
d rsal iliac dis}licemenr The femoral head maj hue found 
1 resting pbcc I cncath the tntctior superior spmc or mas 
hue pr("rc«cd lackward and ma\ have developed a sec 
» ndars acetal uluna s< mew here on the side of the ilium or the 
head im\ be complctch free m the muscular tissues pos 
tcriorh thus c instituting the complete dorsal iliac dislocation 
Ilic X rjv will show that the otifinal acetabulum is sers 
hall w < r ncarh oblitcrjicd that the head of the femur has 
hast Its I nrndns i a a s anablc decree and that the neck of the 
femur njcirs till further shortened 
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The &) mptoms and signs descnbed in the preceding secuon 
become more pronounced m adult life hut there is one s\inp 
tom M hich has not been present before and that is pjm If 
there has been formed a secondary acetabulum osteoatthntic 
changes \\ ill de\ clop u ithm it and produce pain and limitation 
of motion in the hip If the head is found to be lod^'ed antero 
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laterally in the soft tissues beneath the antenor superior sp ne 
there nia\ be Lctle or no pain If the dislocation has become a 
complete dorsal iliac one there ^\iU be no dciclopment of 
arthntis in the h p joint but there Mill be si-mptoms of pain 
and Mealiness in the lumbar ^ine due to the sccondanU in 
creased lumbar lordosis 

THERAPEUTICS 

V substantial cure of congenital dislocat on of tlie hip is 
possible in a large niijont) of cases if treatment i undertaken 
in infanc) or \er) tarh cl ildhood— e cjrlier tl letter 
Onli occasionallv i it p< ss blc to acltici e a ub tant I cure 
after three ) ears of All treatnvent after this s to be 
looked upon as being paJliati e in nature and cJj able of result 
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ing only in n variable degree in ippniMination r< i nr rinil hip 
j mr This discus iiin is contemed only with ci es if the age 
n uj in which n siilistantial cure of the condition is possible 
llisti ncallj It nuj be mentioned that prior to fifteen or 

twentj years ngo the results of treatment of conr^cninl dislo 
cation of the hip by manipufntwc means were conceded to be 
verj poor consequently manj sui^eons turned to the open 
operation as the onl> means of bettering the results of treat 
ment This is still the practice in some clinics for the age group 
under consideration Since 19 5 1 have felt that the results of 
treatment bj measures other than open operation could be 
matenallj improved first bj recognizing that an age group 
exists which IS favorable to trcaitnem and secondly bv earlier 
diagnosis and the elaboration of a more careful technic of 
management I have resorted to open operation only when 
lesser measures ha\ c failed vv hich has been rarely 

The A til Sy t m f Tre !m f 

Two sets of factors are recognized (!) the dislocation it 
self and ( ) the secondary chaiws m the soft tissues and in 
the bones The changes m the soft tissues w hich constitute a 
bar to successful reduction and maintenance of the reduction 
consist of abnormalities and contncturcs of the Iiemments and 
s ift structures about the hip joint These are dev eloped to 
only a mild degree in the early phases of the dislocation and 
rarely constitute an obstruction to reduction b\ a simple 
manipulative procedure 

The secondary bony cl angc that is frequently present at 
this time IS a structural change m the upper portion of the 
femur const tintr of an anterior distortion or so called an 
reversion of the femoral neeV- (Fi"s 14 143) This does 

not constitute an obstniaion to reduction but it does consti 
tute a hazard to the security and permanency of the reduction 
This distortion in mv experience has been found to be present 
in about two thirds of the cases The present system of treat 
ment contemplates the rcducncn of the dislocation by 
manipulative meins together with the correction of the sec 
ndarv stnictural bony defect when found in the course of 
the treatment i f the dislocatiori and not at a subsequent time 
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w hen Its mimical effects ha c become apparent I \ a re di lo 
c iti >n The la^ in bnn\ de\elopnienc of the acetabulum m tin 
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Technic ot REOccrioN After care —The patient in the 
supine position is anesthetized b> the open drop ether method 
The adductor contracture is overcome b\ digital pressure in 
abduction and during this maneuver the hip is frequently 
replaced If the hip has not become replaced the thumb of 
one hand is placed behind the trochanter and with the other 
hand the limb is abducted the trochanter thumb acting as a 
letcr No undue force i used If the hip does not become 



rtj latcd rcl itn cl\ cisil> further utcni} t it manij ulitn c re 
luction IS ci\ cn up ind the pitient is submitted to en per 
itK n 

U hen the hip Ins I cen reduced a pla ter f \ in s| ic i is 
ipj hed in the 9IV-90 degree pjsiti n (hic 144) I hi p sition 
IS maintiined for tw o weel s whcmtnsccnnd ittin thepi i 
ti n IS cliinged to one of lessened ab lucti n and more or Ic 
iiitcrnil r tin n (Fi" 145) The dctjrec f intern il rotiti ti 
th\t 1 nos required in order to phcc the hcid deepU in the 
ti lie of tlic t,nin is in expression of the im unt c f interior 
distt ni n \ Inch is present in the femur If the amount of in 
tcrnil roratK n tint is required to icc niplish the best apposi 
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tion of the head to the acetabulum is sh<»lu then this maneuver 
constitutes the final maneuver m the treatment of the reduc 
tion and the plaster of pans spica is alk vv cd to remain in posi 
tion for five months 

Trevtvient of A\terior DisTOR-noN OR So rvLLED \nte 
V ERSiON —If It has been found necessar) to impose a consider 
able decree of internal rotation upon the cxtremitv m order 
to secure the best relationship f the head to the acetabulum I 
correct the anterior distortion in the course of the treatment 
at a third sitting at the end of three months Ac this time the 
structural defect < f the femur is corrected b\ Jmmiil suprj 
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cojjiyhr osteaclisis The I one hcl has I cc iic s( iicv hit 
atroj luc durii g the fnati n in pla ter of pans fractures cn iH 
and in inalK at i } int bit It 1 inches above tl c ej i 
ph) cal ime (Inc in I tjr sj tl tr cinntcr in th he I f 

the fci ur nd nninMm its mv dlv r tit 1 j it n hie 

the ther tf rates the i vcrfeni nlframcnt ut irdl) thu 
auam placinc' ti e knee | it in the n ri il inter } tc 

phne V ith( uc ha H" 1 tu I I i ati fact rv rel ti n h p f 

the head t > the acetal ulu \v I icli I a I I cci ictjiiir dlv tl e 
routed p St. n (F» 146) 

A plaster-of pans pi a i appled ith the linb n i ild 
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ibduction and slight flexion at the hip nnd 1 nee (Fig 147) 
The fixation is nninnined for an ither three months thus con 
stituting a totil period of fixation of six months 
I would like to emphasize if I have not alreid) mtde it 
clear that the structural distortion of the femur should be 
corrected in the course of treatment rather than after a re 
dislocation has occurred on this account This will bear em 



r f 14 r -\ II uh 1 pi f u g m l p d ! 

ocl 

phasis since 1 line had occasion n it infrcqucntlj to observe 
cases treated elscw here in w Inch this question arose and w hich 
were allowed to proceed tj re dislocation before tbc corrcc 
lion of the anten r dist rti n was undertaken 
1 am t f the pim n that correction r f the anterior distor 
ti m is nccessarv since there has been advanced Of evidence 
at atvs time that this listortion is sul jeet to spontmeous cor 
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location t k place The hip then as ncain place 1 in internal 
rotation and at the end of the usual time a nianinl osteochsis was 
done and the d stortion corrected As a result the hip has re 
mimed in place for the last t so jears 
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THE PRESENT STATUS OF THE SURGICAL TREATMENT 
OF BONE AND JOINT TUBERCULOSIS 


IPVIN BALENSWEIG MO FACS 

K ATTEMPTisG to cxiluatc suTgicil thciapv m bone and 
jrint tuberculosis one mmt be cognt7jnt of the fact that the 
Iiteruure prior to 19’0 with few exceptions is of little value 
The reason is that errors m Uiaaoosis prevailed The end 
results reported in that era appear fantastic m the lic^ht of our 
recent operative results This is all the more tme when one 
realizes that a positn e diagnosis is most difficult cv en vv ith our 
more scientific tests 


PRELIMINARY CONSIDERATIONS 

I Will attempt tn evaluation of surgical thenpv m bone and 
joint tuberculosis in the light of recent statistics and with 
respect tt the following factrrs (1) dngnosis ("’) age of 
the patient (3) lociticn of the disen e 


D g , 

joint involvements were then err neousK diagnosed as 
tubercul jus in the past and piiients w ere treated for tuber 
culosis though the diagnosis was not subsequcntlv proved 
This is particularlv amplified b) earlier statistical studies 
Rollicr repjrtcd 85 per cent excellent results m a long senes 
of consen ati\ civ treated cases chiming nn end result of 
normil motion in 40 6 per cent of his cases of tuberculosis 
of the hip in 58 4 per cent of tuberculosis of the knee and 
6C 6 per cent of tuberculosis of the ankle w hereas from the 
New \ork Orthopedic Hospital where the cases v ere more 
sc\cntific-vll\ studied the percentage of cures with normal 
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rjn<re of motion « js reported almost infinitesiinjl \r thjc 
institution in 19 4 Alien Smith rep )rted a diagnostic error if 
some 3S per cent At Stcmdlers dmic in 14 cases dia^osed 
clinicalU as tuberculosis there was an average error of / 
per cent Isn t u hkelj therefore that those cases uron ly 
diagnosed as tuberculous resulted favorably ruher thin thost 
that actually w ere tuberculous in nature 

ft should also be stated that m fourteen cases r f pro ed ) me 
cuberculos s Allen Smith reported that the gtumi pig test 
was positive in ten and negative in frur This test s generallv 
supposed to reflect accurareJy the presence of tuberculos s but 
It IS evident that it does not do so Tiller tilni tests alone are 
not reliable and often leave the physicun in a quindarv Pa 
tients are led to believe that tuberculin guinea pm and other 
such tests are in anably posime in the presence of tuber 
culosis and that if they are negative they d n t hue niber 
culosis 

Of all diagnostic measures biopsv e> is us the greatest 
amount of information but Ghormlej and All s n report that 
even this rest is not always of real value W hen performing a 
biops) one should take several sections of s\ n id tissue and 
subject them to slide study and mine pier noculation 
Ghormlc) su<'<'ested that it is iser to inject two gn nei pi'^s 
at the same time for one may 1 e early w ith ut giv int^ us 
any useful infom ation 

A long penod f ti nc is required f r establ shin^ the diaf^ 
nosis in some cases of suspected tuberculosis- m many instances 
two or more )ears During that penod the diatmosis may be 
merely suspected In le of these facts it is tfifHcult to e alu 
ate the older studies of end results 

Ag f th P » * 

In the past it v as lelt that the con mic status f the pat ent 
w as not to be cons dered in the t eatment of tuberculosis of 
bones and joints therefo c orthopedic sun» ns were prone 
to rely solely on the more ctKtIy conservative therapy Fur 
tfermore ir was beheved that children respond mo e fa or 
ably to tonsen am e care Ir was not deemed ad isabletooper 
ate upon children because of the frequent failure to obtain 
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solid bon) fusion in the hrger joints and m the spine Suffi 
cicnc time bad not elapsed for consolidation of the disease to 
allow of an earl) spinal fusion 

Most orthopedists today ire in agreement tint conservative 
management is best before the age of fifteen v ears but that 
after this age operation is indicated During the latter age 
period the patient treated b) conservime meins develops a 
poor ps) chological outioolv His educition frequently is neg 
Icctea as is his vocational adaptability He becomes tuber 
culosis conscious and li\ es i more or less secluded life alw a\ s 
fearful lest he ln\c a recurrence I Ime seen minv of these 
fearful pitients outlne their pirents brothers ind sisters ind 
throughout their In es the) Im e licen an economic drain upon 
their fimihcs and upon the community in which they live 
It is because of these facts tint is far better to operate m thi 
a e group e%en though consename therapy nn\ be equal or 
superior to radical care for operamn lessens the chances of 
creating a permanent physicd and mental invalid 
Unfortunately m most instances surgery does not eradicate 
the disease and conse-jucmK is not i curative procedure 
In orthopedic surgery of tuberculous joints one merely at 
tempts to arrest the disease by eradicating motion The 
aged do not respond well to surgery of a c( nsrnictive nature 
and abhtion of the affected limb is often necessary to sa\c 
their lues or to Ic sen the penod cf di ability and toxemia 

L t n f th 0 aie 

Tuberculosis ifTccts weight bearing structures m the fol 
loyy ing order < { frequency spine hip knee ankle long 
bones Sui^cry play s a large role m the treatment of yy eight 
bearing areas for it tends to lessen the economic burden and 
the chances of recurrence Recurrence in nibcrculosis may 
folloyy surgen it is howeser more apt to follow consery arise 
therapy forlony inky losis rarely ensues The consenatiycK 
treated patient is left yyith i joint that exhil us fibrous fixi 
won with perhaps a minwraim annum of motion This range 
of motion may extend from 10 to 40 Iccrees not sufficient to 
Ic useful yet sufficient to alloyy if repeated spraining and 
straininti of the affected trci \ ith danger of recurrence 
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here IS tl c prinnr\ f< cus If tl c p iicnt resj 0 ul \ ell to pul 
monars circ lie then will dcfiniteU respond well to irgcry 
of the imol c 1 joint 

IL IT Im t 

1 he aim of the 1 icil tre tn ent of the nil ere il lu I ci c 
ire IS 'S 
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1 To pre\ent deformitj and to fa\or local healing bj rest 
in a carefullj chosen posture For example should the 
dsease m\ol\c the spine the patient is placed in mod 
erate e tension When the htp i invol ed the limb is 
pi ced in an att tude of abduction extension and neu 
tral r t tion 

To restore free moxement xvhenever possible If this is 
found tile impossible then s und ankv 1 s s should be 
sought throu h the use of s irgerj 

3 The remo al of the d sea cd area of be ne here there i 

imohement of a shaft or smatt ft>c\s close to a )ont 
b\ excochleation alon" the 1 ne of treatment for osteo 
elitis 

4 To pr vent sinus formation and secondarv infection 

5 To prevent liss of life b) ablat on of a h nb v hen necessarv 

TUBERCULOSIS OF THE SPINE 

OpetTtwe fusion is an incident m general treatment of this 
disease but it shculd be realized that the timing of the oper 
atnn is of considerable importance It has been observea bj 
Svvett 1 ennett and Street that healing rarcK occurs in the 
presence of a local tuberculous spinal abscess and that this 
lad of healing is more marked after the abscess i calcified 
rr It calcific debris remains m the vicinity of the lesion (Figs 
149 150) They have also observed that healing usually fol 
lows the disappearance of the abscess It has been concluded 
by many authorities in recent y eare that there is no adv antage 
m the opentive treatment over the conservative treatment 
vich exceptions These exceptions will be considered shortly 
It IS also the opinion of authorities that there is no essential 
difference bctvv cen the ments of the v anous forms of spinal 
fusion Observations have led to the following conclusions 
Tliat healing is proponionatcly more frequent as one descends 
the spmil coUinin that is healing is far less frequent in the 
dorsal ate-i than n is in the doisolombat region and far less 
frequent m the litter than in the lower lumbar area Lumbar 
tul crculosis I cals unusually well Wiihm a period of from tw o 
t< riircc years irrc j cctivc of the method of treatment The 
dommint feature in the hcilincr rf Potts disease lies m the 
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occurrence the beha\ lor and the diipos.il < f the absce-a. 1 hi 
IS a most important obsenatitn 
It has been shown b\ Sweet Bennett an^ Street tint while 
heahn<» occurred in 35 per cent of util cases ir took place in 
oil) 19 per cent of tho e in which i persistent al seen \ as 
reported The percentage of healm increase \ to 59 per cent 
follownng disposal of the abscess On the t thcr hand other 



F e 149 ~La ral ffmalpa pj ihim »h r< 

nh ff d tub 1 f b d fs 1 mbat sp f n h f 

d trd rs J\ri mtifl I 
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obser ers haie been of the upimun that the jresentc f n 
abscess docs not maten Ih influence the 1 ca e and that i 
the abscess calcific the prognosis i nproi c -Vn increase in 
abscess foniution is a poor pro«»i ovtic sign Furtl cm re it 
has been belie ed in the past if at the abscess disappears s i 
result of imniobibt) This s not alto^her tri c for it has al 
been noted tint n il cess nia> n c e en fter sp n I fus on 
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An abscess nu\ occur anv tune during the life rf the mdi 
\idual even thou<^h the puient hai been previously pro 
nounced as climcall) cured 

TrEATMLNT Ot THE TuBI-RCl-LOLS SpINF AT DniLRENF 
Age Periods —In cl ildl ood comcrvamm should be practiced 
unless the patient and the fimil) are uncooperative or the 
disease progresses in spite if treatment In these instances 



operative intervention mav be undemken with the hope that 
It w ill result fav irablv It should be noted that dcformitj w ill 
pro^res irrc pcctive f the treatment and it has been mv 
belief thu the disci e will remun active for longer periods of 
time if tor screniu us attempts ire nude to prev ent dcformitj 
Mv pcrcvtcnsion or culv spuul fusion i tv t indicated since it 
serves to kcci the discised arei ipart and does not allov 
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of consolicijrion Chest surgeons rtsort to collapse tlicrap) 
whereas orthopedic surgeon resersc the procedure present 
mg hcafin^ b) (npcrcstensi o It Mould be better to allow 
(f consobdition ot the process b> lcssenin(» the cxteisitn 
and c\ cn goint, so far is to iIIom the fonmnon of a sbght 
deformits 

After the age of fifteen yeart n is better to treat panents 
consmamelv uritil the repirame stage sets m and then to 
fuse the spine so as to lessen the economic dram and present 
psschotic factors from pla^n^ a j art in the future welfare 
of the patient In the |rescncc of abscess formaurn \sher 
es er possible drainage should be effected This is particularlv 
true of the Urge mediasttml abscesses for thc\ mditate against 
lieiljng 

TUBeRCUi.o$is or the hip 

In companri" the therapeutic results m tuberculosis of the 
hij treated b\ operation md wiihout operation as published 
b\ Girdiestonc of nn<'(and we note the following 
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rroin the tabuhti n it is ajpirent tfat the end results are 
practicaiiv the sa ne irrespectne of the n ethod usd 
In this coiintrs Snith and 'Watters m 1938 rcportel a 
series of cases of tubcrcuItKis if the hip treated confer ati ely 
Thisdis fosedam rtahti nte of 74 per cent wnhacmits of 
the disease still present n 40 per cent onl\ ’7 per cent \erc 
tn the quiescent Stacie and in these I ut little motion v as present 
in the hip joints T his senes was tal cn fr n the 'Nc\ \ otk 
Orthoj edic Hospital and Ctmic 

In 163 rises m \ hich fus on s as clone at that s nc institu 
tmn as rep rted by I fall ck and To imct t n(\ 1 8 per cent 
y ere failures the ciuscs for fid ire l>ein'» fnilty t chnic and 
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improper immobilisation Similarly favorable statistic-s are 
available from other chtucs 

The treatment of choice in tuberculosis of the hip irre 
spectiv e of the age of the patient is conservativ e until nature 
has begun consolidation of the disease at which time operatt e 
pision IS indicated Tins operation can be performed routinel) 
unless there is a contramdicanon such as dissemination of the 
discise or debilitation It is to be noted that operative fusion 
can safelv be peiformtd in the presence of acn\ c tuberculosis 
even m the presence of abscess formation Sufficient statistics 
are now available to show that operation in no way inter 
feres with the growth of the affected part Rescetton is rarely 
emploved it is performed only for drainage purposes where 
there is extensive destruction and persistent sinus formation to 
the extent that the patients resistance is very much lowered 
Disarticulation is recommended for extreme evses m order to 
save life 


TUBERCULOSIS OF THE KNEE JOINT 
In dealing with tuberculosis of the 1 nee joint one must 
talc into considerati n sevcnl factors A purely sviioiial 
variety metastatic from some other focus mav be present 
and mav never in oKe either cartila.«»e or the bone I am m 
i"reeinent with Girdlesitne tint such a lesion does exist and 
in fact hav e seen sev cral of them The utlool m such cases 
IS favorable in children f illo tng conservative care This dis 
ease may persist for many ycirs without spreading either to 
thcr joints or by notimiity tr the neighboring cartilage or 
bone I have j crsonally followed nc such case for some 
t chc \cirs lad ha escen cverd oti ers whose history dated 
I ul twcntv ci<»ht vcirs In uUlts neither conservative then 
1 } \ 11 r \ii vett n\ i f my v due 
( irilct IK r I Its f urteca m taiKcs m hildrcn who 
V VTC I CT e f f T ever I years r m >rc after treatmem had 
( ti tiji 1 Of ricc nine c\hd nc 1 full moacment twt 
d> It l) I cr u fn mail m ivcmcnt tai were still under 
trcuiiKiu all nc \a suljcttclti «} cration with resultant 
uni ni n 11 c a crn»c pen d required for obtaining full 
m vciiKiat in the nine who were treated conscrvatiacly was 
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3 8 years for treatment and 3 3 J cats after the compleaon of 
treatmerit 

Uray in I9?7 leportedfroinStctniUcrs dime some thirt\ 
three cases of tubcrcuJosJs of the Inee in dnldren char M ere 
treated cinsetvameU Mith t satisfactorv end result in 
twenty one instances Of rficse t\ eUe exhibited a normal 
rancfe of motion and were both painless ind without am 
demonstrable focal attnitt results n 1 mstances were poor 
In 1930 Hibbs reported 134 cases of proved hnte joint ruber 
culosis in 150 of \ bw-h operation as done In 9 percent 
of these the joint was securcH fuse I and failure as recorde I 
m Only elev cn cases or 8 per cent Henderson reported 88 
per cent good results tbans J7l our of 194 fused 1 nee j ints 

\\ hen operation is con idere 1 all autf tines are ir i ret 
ment that a resveven ts far superirr to all other methods so 
far recommended The results m I>n<T studied cises are e^ 
cellent fntheeWerfi pinenr ndicj/ resection or ampuntion 
na\ be performed 
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formation On patholo^, c stud\ of both the fused knee and sur 
roundin® tissue no e\idence of tuberculosis could be detected 
Instead trichinae of the enc\sted \anctt were found S nee the 
iblation It the limb the patients rcc«ter\ has I een entirelv 
atisfactor\ 

TUBERCULQ&IS OF THE FOOT AND ANKLE 

In children the outlook for conservative therapy is good 
provided this treatment is consistently cnrricd out under 
proper superv ision Humphrey and Durham reported a senes 
of tvv enty nine children suffenng from affliction of the ankle 
of these fifteen obtained full function Rollier and LaGrosso 
reported 90 per cent cures m both adults and children as the 
result of conservative thenpv According to Stcindler the 
indications for conservative therapv arc voung children and 
idulcs excepting those with isolucd mtra osseous lesions 
adults with mild svnovnl infcciH n and isolated osseous for 
mations and also those who are not amenable to operative 
treatment 

\liltner and Fang in a paper dealing with tuberculosis of 
the bones of the foot divided the disease into two main 
groups The first of these is that in which the lesion starts 
in the central portion < f one of the Inmcs that is the dIse^sc 
IS localized and the sy mptoms arc merely those of a dull ach 
mg pain In the more malignant ty pc it begins in the sy nov lal 
tissue or the surre unding soft tissues In this form the mfee 
tion spreids widely by direct extension This is the inflam 
matory type which gradually involves one or more of the 
I ones and presents early the clinical su^ns and symptoms of 
inflammation 

In their summary they stale that amputation through the 
middle third of the lower leg is indicated in ad\ meed cases in 
V Inch the liscasc is widespread m both tarsal and midtarsal 
bones and surre unding soft tissue Istlatcd lesions of the toes 
arc 1 cst treated b\ amputation Excision is indicated m any 
case m which the d sense is localized sufficiently so that even 
though the di cased area is removed entirely a useful portion 

f the font w ill remain The c methods arc pamcubrlv adapt 
able to the adult * 
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TUBERCULOSIS OF THE SHOULDER 
lliere arc nw r\[es of tubcrcul isis cif tin region the 
first of whieli 1 described as *trw j/cci T Ins i tfedr\t^pc 
and the one nmst amenable t treatment 1 be seer nd is the 
or f rui llm latter is less suira! !e for 

operant e rreatment Inn pel mhrodeiis is indicated at an\ 
stage in an> ind iduai past the age of fifteen )eats Pnor to 
that time consertame thcrapx ma\ result fasorabh In the 
fungous t\ pe jt tna\ be ncccssarv to resect the shoulder 
)<)int since it i frequentU compbcated by pulmonary 
chanses Hecnuse of this the prognosis is necessarily poor 

TUBERCULOSIS OP THE ELBOW 

r rrunatcl) lesu ns of this joint usujll\ < cciir onl^ dunn^ 
adult life During childhood s\noMal tuberculosis is occa 
stonalh obscn cd and is characten ed b\ a thithening of the 
sj noMum with forniation of ncc bod es and nIJi This 
is amenable to consersatise thenpv 
The osseous group that is that form most frequently 
found after the age of fifteen sears, tends tt> break dot-n 
rather quickU and unfortnnatcb is frequenth associated wath 

E iilmonat) lesions Because of this the pftnnios s is poor If 
ni\ ey er the pulmonary lesions can be successfully treated 
then operation m the form of an arthrodesis is to be rccom 
mended In sey ere cases either resection of the elbo or am 
putation arc the it cthods emplot cd resection being performed 
m the intermediate group and amputation in the more ad 
\ anced 

TUBERCULOSIS OF THE WRIST 

Consert atn c therapy should be resorted to /ess frequently 
in this n pe because of the fact that the y\ rist jomt i com 
pn ed of a senes of small bono which normally cthib t poor 
healing Furthermore since consefyame therap) has of 
necessity to be try much more prolon<^ed it results in a ycr) 
badb foncrionmg hmb Beann" these facts m mind opera 
non IS indicated early and can be successfully performed m 
children as \ ell as adults Tttal resecnon of the inst is far 
superior to pirtul resection Bone grafting operat ons maj be 
resorted to m the milder cases t hcreas in sev ere ones % ith 



BOVC AVD JOINT TUBERCULOSIS 


577 


sinus infection and destruction amputation is the method of 
choice 

Dennis and Jean m 193"’ published a paper m svhich thev 
cited cases m u hich operaooo previously had been done 
Ollier and the) were able to trace the results of twent) eight 
of thirt) nine resections which had been performed man) 

) ears before Of these patients fourteen w ere still living and 
w ere re examined for periods ranging up to fift) three y ears 
after resection In all the sur\i\ing patients the results were 
good 

TUBERCULOSIS OF THE SHAFTS OF LONG BONES 

Hsich Miltner and Chang observed thirt) eight patients 
with tuberculosis of the shafts of the large bones of the ex 
tremities during a period of eleven vents between 19’ 1 and 
193’ this total representing 4 8 per cent of 786 cases of bone 
nnd joint tuberculosis treated dunng the sime period of time 
This IS a latge percentage and far exceeds that noted m any 
(ther clinic in fact tuberculosis of the shafts of the bones is 
uncommon m the United States and Continental Luropc 
The) divided the lesions into four tv pcs according to the 
rocntgcnognphic appearance 

T>pc 1 Tt/i^erc lot/f periostitis Ih s I the rare t of all f ms 
< f shaft tul ercul is 

Tv pc Solitary tulcradous abscess reprcscnti Br dies 
t\ pc 

Tv pc 3 Local tuber ulot s osteoi yelit s re ult n a fairl) 
c tens e mvol cm m of the haft Later in the 
d case afters useshaved el ped e temallv the 
r nti, graph efi d ngs re freq entiv verv con 
fusn" Icc ise of the added factor of infect n 
h ch u u llv St mulatcs the format n of an 
inv nUcruni 

1 \ p 4 Mass c tul c ctilous ost ouiyel tis 

\ puicnt w uh shaft and active | iilmomrv Jcsriis did not 

rep n 1 fiv rn!I\ t treatment Tins observation is similar to 

tint of Ocvclind and others It is their belief that ampu 

tition of the affected litiib t> stroiiglv indicated in these cases 
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TUBERCULOSIS OF THE SHOULDER 
1 here are t\\ ( t) pcs f tubercuU is of tins regi n the 
ni c of which i described as cmei si ci Thi is the dr\ type 
and the one most j nenaWe to treati ent T. he seer nd is the 
fi ii^ous or fidiii Ditiiiff fc nn This latter i less siiital le fir 
oj cratit e treatment In type 1 arthrodesis is indicated at ant 
stage in in\ indisidual past the age of fifteen years Pnor to 
that time consen arise therapy may result fasorably In the 
fungous type it may be necessary to resect the shoulder 
joint since it is frepicntly complicated by pulmonary 
changes Because of this the prognosis is necessarily poor 

TUBERCULOSIS OF THE ELBOW 

Forrunatelv lesions of this joint usually occur only during 
adult life During childhood synovial tuberculosis is occa 
sionally obserxed and is characterized by a thicken ntr of the 
synovium with f icmanon of nce bodies and vilh This type 
IS amenable to conservative therapy 
The osseous group that is that f rm most frequently 
found after the age of fifteen years rends to break down 
rather quickly and unfortunately is frequently associated \nth 
pul nonary lesions Because of this the pro<fnosi is poor If 
however the pulmonary lesons can be succes. fully treated 
then operation in the form of an arthtodesi is to be rccom 
mended fn severe cases either resection of the cfb nv or am 
putation are the methods employed resection bem<^ performed 
m the intermediate group and imputation in the more ad 
vanced 

TUBERCULOSIS OF THE WRIST 
Conser\at c therapv should be resorted to less frequently 
m this type because of the fact that the wrist jo nt is com 
I nsed of a senes of small bones which normally exhibit poor 
hcalmo" Funhermo e since conservative therapv has of 
necessitv to be very much more prolonj^cd it results in a v ery 
badU functionin<» limb Beanna these facts m mind opera 
tjon IS indicated early and can be successfully performed in 
children as v ell as adults Tool resection of the vrist is far 
superior to part al resection Bone <maftino- operations may be 
resorted to in the mdder cases wh«eas m severe ones v ith 
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for It cofTjpJereiv erjdicates the active penpheral focus and 
allows of a greater oppominit\ for the control of the \isceral 
lesions ApprrainitUv 75 per cent of the uncomplicated cases 
respond fai orabl^ to the operaot e treannent of w ide etcision 
of both the diseased bone and soft tissue w ith primary closure 
and immobilization in plaster In those instances in w hich there 
w as sufficient discharge the Orr treatment w as employ ed in 
much the same w as m p\ ogenic sreom\ el ns 


CONCLUSIONS 

Tuberculosis of bones and joints is ameniblc to surgical 
therap\ in the absence of oniplications such « iisceral or 
metastatic m\ o!\ emenc Sun»er\ is also best resorted to for 
economic reasons after the age of hftcen \ ears in older people 
limb ablauon mat sa>e life and ksscn to emia Surgery tends 
to reduce the penod of hospitali ation and the dant'cr if rc 
currence It must be stated howc er that surcrer\ is merely 
an adjunct to consen attic thcrapi when properly applied 
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THE TREATMENT OF CHRONIC OSTEOMYELITIS 
JOSEPH BUCHMAN MO FAC St 
HISTORICAL APPROACH 

Tnc history of osteomyelitis is exceedingly^ involved and 
cannot be considered in detail in an article of this size It is of 
interest however to mention bnefly the evolution of the 
therapy of this condition llippocntes (350 bc ) recognized 
the frequency of hone infections m compound fractures and 
advised against the probing of such wounds to avoid pus 
formation He also recognized the occurrence of sequestra 
and advised tlieir removal Draining sinuses were treated by 
him with apphcjtuns of antiseptic solutions of wine and 
spices Little further progress was made until the time of 
I irc (sixteenth centur>) who recognized diseased bone and 
frequently treated severe cases bv amputation Generally 
h wever the treatment (f these wtunds m Pares time con 
sisted of all minncr if a| plications some cf them ver\ re 
piilsivc such as crushed b< dv lice incinerated toads powders 
iindc fr m Igvptian mummies Oriental herbs boiling oil 
mixtures ( f \ol! f eggs or oil of roses and turpentine The 
\inct> of ihcsc nixuiTcsw-iswuh nit number Am thcr hlgh\^ 
interesting v guc it tim time consisted of treating the offend 
iiifT s\ci[ on cuisine the in|ur\ with these concoctions while 
the w uni scrcmcrch v ishc 1 in 1 I in htje 1 Still ithcrs 

1 } [ lied the c reme lies t the li cir led cl thine rithcr than 

t the uu I 

1 lie hr t I cemmn f | r *»rcss ci iic \ ith the cmhteenth 
enrurv ihcn J hn Hunter in I Oul imcl wrote extensi elv 
up n b nc qr \ ih ind I nc nc r is I ut 1 1de I little tc its 

« I Jl I T( j V V Cl 

\ a c»l P few f Ont jwtSgrsN \VU 

^ rs ll p f M I A w Onh pej S p H p l f 
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SS’ 

therapj During the earl} part of that centur) gross restc 
non of bone shafts w as sporadicallt practiced bur ampura 
non St as still the popular mode of theraps Tow ards the latter 
part of the eighteenth and the earl} part of the nineteenth 
centur) extensn e evasion of bone shafts and at omes aim st 
complete remosal of bones became the unuersal practice in 
Germans Ent^land France and the United States The etiol 
og) of osteons ehti was not recognized until the time of 
Pasteur and Lister 

In rhe latrcr half of the ninercenrh cenrun the Germms 
differentiated bet \ een the aaite and the chrome form of 
osteom) ehtis the latter still being cLis ed as a chronic d sease 
of bone w hile the former \ as sp >l.en f as o teom\ elm 
acuta spontanea The first realh significant stud\ of acute 
osteom^ elms w as that of Le er m 1 894 The chronic form as 
dnided into tw 0 n pes one following the acute form and the 
other follow in«f gunshot wound r conpound fractures 
7*he differentiacion of chronic osteomteJ ns from tuberculoss 
of bones did not occur until after (he isolation of the specific 
bacterium b\ Koch in 18b W th the be<»innuic' of the dev cl 
opment of nentgen ''taphv in 188> earlier recomition of 
this affection became p ssil le i ith re ultant earlier and less 
evrensi e saigcTy 

It is er\ evident from the af o e resume that the treat lent 
of chronic oste i nv cl tis has been haphazard up t recent 
times The surgical therap> \ ar ed from e tensiv e evasion of 
b ne shifts to mere ma ion and drainage and renoval of 
sequestri The prolleii of filing the resultinc^ bone c ines 
<Ta e rise to the de elop ncr t of v tr ou bonv and s ft ti sue 
plastic r petitions and the i c f nous pare cii ilid 
ubsrancev an I ci cn pJ ster of pan All f the j r cc 1 r s 
1 \e er n et with little success 

The reallv smuficant advances in the th ra] \ f hr i 
steomvefcis ere made dunno' the first U oH f Uir and 
thereafter as result of tbservaaons and lessons fe ric 1 hir 
inff that titanic striicrgle The C ixel Dah n method th I ipj 
(bismuth lodof mi ind paraffin p te) nd tl c Orr re h it 
V ere insc tuted and pr t ldunn<Tthe ar Magc'ot therap\ 
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the result of the first W orld War observations w as introduced 
and perfected about a decade thereafter These procedures 
with various modifications form the backbone of the modem 
therapv of chronic osteomyelitis 

PATHOLOGY 

Before attempting the evaluauon and the description of 
these V arious technics it is essential that the local pathological 
lesion should be clearlj understood One should visualize a dis 
eased bone which has undergone changes during the processes 
of destruction and of ineffectual attempts at healing The 
bone has lost its smooth contour and normal shape and its 
conet IS thickened and sclerosed as a result of subperiosteal 
new bone or mvolucrum formation The medullary canal is 
usuallj obliterated bj ncwl) deposited dense bone and the 
havcrsian canals are narrowed as a result of endosteal pro 
liferation This newly formed bone which is poorly nourished 
and therefore unable to resist infection represents the mef 
fectual attempts at repair 

The processes of destruction are represented by the pres 
ence of \ uiously shaped and sized cavities within this dense 
bony scar containing frank pus infected or indolent gran 
ulation tissue avascular necrotic fibrous tissue and necrotic 
bone sequestra There may also be found areas of atrophic 
bone with fibrous marrow tissue This may be accompanied 
by cloaca and sinus fomutions Tlie covering penosteum is 
thickened and fibrous pootK nounshtd and densely adherent 
to the roughened bone The soft ussue cloak of such a bone 
usually presents areas that are densely cicatrized and poorly 
nourished as a result of long standing stasis of blood and 
Ivmph incidental to the chronic inflammatory process sinus 
tracts previous eperame procedures and long periods of 
immobilization 

Tlic permanent cure of such a lesion is because of the 
verv nature of the lesion (the disseminated ftci enclosed 
WTthin the bone) most dilHcuIt and hitheno only infrcqucnth 
attained Those fortunate instances which have remained 
healed for Ion periods of nmc present on rocntccnof^raphic 
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examinauon a compIetel\ reformed bone noiroil jjj shape 
and contour ith patent meduUan canal and absence of rh 
characteristic areas of sclerosis and rarefaction In these parts 
the scar has been reduced to a nun nuni and the blood and 
1) mph suppl) has been restored to a miMnjum 

BASIC SURGICAL ATTACK 

ft becomes e\ ident that m order to obtain elfectual healing 
a complete c\cisi jn of the diseased and scarred tissue is essen 
OaJ Tfusdesiderarumanderthebesrofcircumicanccsmav not 
alw ijs be attain bic c en in those areas tvhich are readil\ 
approached surgicallj because it mas not be possible to eradi 
care all diseased areas and the surgeon mas nor be able to 
decide whether or not all of the minute foci have been 
re no\ ed from the entire penphers of the bone Neserthelcss 
It IS now the consensu that an attempt at complete removal 
of diseased bone and scarred ussues should be made there er 
feasible Mere rcniov al of sequestra an 1 n ere drainaoe of bone 
cat If es only tcmpoti c and are ^neralJj con idered insuffi 
cicnt 

The surgical attacl is best performed there er possible 
under tourniquet control fhe incision should be I beral and 
should allow the most direct approach to the diseased area 
wnthout endanf^crin'T important blood t essels nen cs and mus 
cle mechanisms such as the e ten or apparatus of the Knee 
or elbow The soft tissue scar shoul I be excised Tl e pen 
ostcum a id soft tissues should not be stnpj etj from the bone 
/ et ond the I mils of the area ir i proposed to etc se A i ide 
trou h IS then made m the Ion" axis ot the bon extendm 
from normal bone abo c to normal bone belo \ exposing nin 
t oh ed medullan can 1 or metaphi s sat each end IJe alls 
of this trough are lex eled off to make a si alio x ca itt \11 
visible foci nd o erhan^ng shel es are remt ed Careful 
considerar on mu r be m cn to leaie suffiaenr bone to mam 
tain the cont nuitx of the affected bo le The ound is then 
thorou^hh flu hed ith hot salme solution to remox e all bone 
debns nd to control oozin" The w und is then packed th 
dressings and mimobil zed n a ininn r dependent upo i the 
technic which lU be u ed m the aft r care of the lesion 
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THE PROBLEM OP CLOSURE OF THE WOUND CAVITY 
Ihe probleiTi of closure of the usually large rigid walled 
cavit\ resulting from the previously described surgical pro 
tcdiirc has been a stumbling blocl from the days extensive 
surgicil therapy became possible The various muscle plastic 
ipcrations w cre usually doomed to failure because the vv ound 
were practically without CNCcption sufficiently infected to 
prevent primary healing Funhemiore if primary healing did 
occur the resultant fibrous replacement of the transplanted 
muscle flap would leave a scar which would readily breal 
down Similarly secondary closures subsequent to the ap 
ptarance of healthy granulations throughout the wound usu 
illv break down even jf temporanly successful for the reason 
that there is always a sufficient amount of infection m such 
wounds to preclude healing under such circumstances 
It therefore becomes apparent that the most satisfactory re 
suits could be obtained only bv the fllling of the w ound with 
healthy granulation tissue from the bottom up to complete 
closure unfortunately the growth of granulation tissue pro 
cecils suisfactonly up to a certain point subsequent to which 
the growth bcconits unequal m vanous parts of the wound 
indolent and unduly prolonged Healing finally comes to a 
standstill resulting in the formation of sinuses and failure of 
cl sure jfthewound This is due to the gradual conversion of 
the aging granulation tissue at the periphery of the wound 
into hbrous tissue resulting in the diutting off of the blood 
supply as is characteristic of the fonnation of scar tissue 
Hence It becomes self evident that m order to obtain sati 
factory healing the granulation tissue should proliferate with 
wfficicnt rapidity to fill the entire cayvty before the blood sup 
plv IS shut off hy cicamnti n This fm/e factor is to my mind 
f utmost im} ortance in the satisfactory healing of osteomv 
clitic wnun I 

111 a Idition t I lo I supply there are other factors vvhicl 
influence the peed t f j^rowth f gtatmlation tissue The pres 
cnee of di ca.cd necrotic and slouching tissues the presence 
of foreimi bo lies and the presence of infecting micro-organ 
I ms ate ill deterrems to rapid grow th Furthermore tlie intro 
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duction into the wound of \anous chemicals for the purpose 
of sterilizatif n is often a deterrent to rapid growth 

CRITERIA FOR SUCCESSFUL THERAPY 

In lieu of the foregoing considcrjtions an ideal sjstem 
of therapj of chronic osteom\ elicis should provide for 

(I) a thorough surgical removal of all diseased and s arred 
tissues as weff as anj forci<m bodies that may be present 

( ) an efficient method of removal of wound discharo’es 
and of slouched off t ssues that occur subsequent to 
such an operation 

(3) an efficient and harmless method of disinfection of the 
suigicall^ formed wound and 

(4) an agent that would produce even and rap d of 
the w ound w ith health) granulations at a sufficient rate 
of speed to coniplctelv fill the cavitv before the cir 
culator) changes incidental to scar formation occur 

These entena prov ide a I asis for a rational analv sis of the 
vinous technics commoni) used in the ther^) of chronic 
osteomvehtis All of these methods pro ide for a thorough 
surgical attack in all suitable instances 

CARREL DAKIN TREATMENT 

In the Carrel Dakin and kindred method fine soft rubber 
tubes With one end tied off and perforations n the penph 
er) near this end are so placed m the wound as to reach 
all of Its crevi es Lavers of \ is line crau e a e then placed 
mer the margins of the wound which i then filled with a 
\ oluminous dry gauze drcssin<^ d ro ^1 b h rh jcncnd 
of the tubes project After a forty e ^hr li ur interval subsc 
quent to the operation Dakins s iurit n r its modiBcoti n 
IS instilled through these tubes at frequent i nerv als usuallv 
ev et) tw o hours The entire dressin<^ is chan ed daily TTie 
early dressings are painful and often require anesthesias 1 hese 
dressin<^s are repeated tiH h almw occur r failure bee mes 
ev ident 

At the time of the mtcoductim of this method it as 
thout^ht possible to steril v n I bv such ant ptic ther 
ap) and thus promote healm It h s nee b en r al zed that 
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stenh/ition of wounds h\ LhemiCJis is not usuall} feasible 
Mild antiseptics suitable for such purposes are in a measure 
specific in their action thus precluding the use of a unnersal 
drug The limit of tissue penetration of most antiseptics is 
verj small thus precluding an\ effect upon micro organisms 
deep to the superficial la\ ers of the w oiind The use of potent 
antiseptics is delctcnous to the host tissues w hilc the use of 
mild antiseptics is ineffective on the more resistant bactena 
which cvcntuallv gi\e rtse to strains which remain unaffected 
in the presence of the antiseptic Furthermore the more potent 
the antiseptic the more certain is its destruction of Icukoc) tes 
which through their phagoc\tic activities fonii the defense 
mechanism of the bod^ 

Tins method therefore mcers onlj two of the four criteria 
proposed for the ideal approach to the thenpj of chronic 
nstcoruvclitis tiaTnclv the tb(roo«’h surgical removal of all 
diseased tissues and the removal of wound slough and dis 
charges Qinicallv the method often requires repeated ancs 
thcsias inflicts considerable pain and introduces secondarj m 
fcctions 1)\ rcpcitcd dressings and ma! cs life tedious for the 
ward surgeon Tlic Carrel Dakin method is an iniprovcmcnr 
over the previous technics but the frequenev of failures of 
healing and the frcquenc\ of recurrences remain so high that 
the procedure has graduallv lost its populantv 

ORR TREATMENT 

Tlvc Ocr tcchmc Ukc the other methods under consulcra 
tion is based upi n a thorou‘’h saiiccnration operation at tbc 
completion of which the wound is swabbed witb 10 per 
cent lovbnc followed Iv 95 per cent alcohol More recent 
us.a£Tc < nuts the ii c of the iodine and alcohol 71ie wound is 
I jckcd w idc open w itli giurc v\ cH inij regnated w ith t jseliiie 
This is covered with drv C'»i?c and the limb i thoroughlv 
itmnol lit ef m a circular plaster of pins bandage Subsequent 

Ircssings should I c infrequent at four to si\ wed intervals 
under stcnlc cindinons with rc|>ctitinns tf the described 
tcchmc 

nic V a clmc pack acts as an efficient drain and bv its re ist 
ance permits an e enU di tnbuted grow th of granulations 
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from tlie bottom up Hie nonadhcrcnce of the pack alliiw*: it 
to be pushed out of the wound bj the new Iv t< nned ranu 
lations The infrequencj of the dressin'rs a\ oid the accom 
panying incidental secondary infections pain and disco n 
fort The immobilization pro\ides relief of muscle spism aids 
m lessening the inflammatorv process and relies es pain Spon 
taneous disinfection of the wound is thought to occur on the 
basis of the explanations and theories advanced by BesredI a 
and d Herelle throuf^h the formanon of bactenophage 
It IS therefore ev ident that the Orr technic fulfills onl) three 
of the four criteria for the Ideal thcrap) for chronic nsteomj 
elitis namelj the thorough surgical remov al of all disea ed 
tissues tlie efficient drainage of wound sloughs and discharges 
and a harmless method of spontaneous and therefore pt sibl) 
uncertain disinfection of the wound throut^h the formation 
t f the bactcrif phage Tins method does not prov ide apart 
from the natural processes of repair for the hastenint. of the 
formation of granulation tissue to fill the cav itv before cicatri 
ration occurs Nevertheless this method is much supenor to 
the Carre! Dakin technic m that it is more effective the per 
sistence of sinuses and failure of healing arc less frequent it i 
more easily applied it is less distressing t > the patient and less 
toilsome to the surgeon 

This method is not entirely^ satisfactor) in that there are 
still a considerable number of failures of hcalinrr and recur 
fences The odor incidental to the infrequent dressint^ is at 
rimes discrcssin'^ Furthermore the loss ot m non in adpeent 
) ints incidental to the prolonged immobilization is at times 
disibbng Notwithstanding all this it is the most frequently 
used method at this time Under war cond tions it has proved 
effective as was indicated by Tnietas work 

M d r ^ f fh O r M th d 

-The Orr method has been modified by Albee to the 
extent that he introduces into the v ound a bicteriophige 
potent for the offend n<^ organ sm TTie v ound is packed v ath 
a vary in" mmure of paraffin and vaseline depend n<T upon 
the depth of the favicy This mixture is introduced into the 
w ound m the melted state at about 110 F \\ hen it cools and 
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hardens it fills the crevices and keeps the soft parts apart 
A rubber catheter is then inserted throygh thi§ paraffin vase 
line tampon to the bottom of the cavity for the subsequent 
injection of bacteriophage The increased efficacy of this 
modification does not appear to be confirmed m the literature 
I ohr —Another modincation of the Orr method is that of 
Lohr who replaces the vaseline gauze pack with a cod Itjer 
oil pack This modification docs not appear to alter the pnn 
ciplcs underlying the method save for the addition of the 
great wealth of vitamins and the healing properties said to 
be inherent in the cod liver oil 

THE BIPP METHOD 

The bipp (bismuth iodoform and paraffin paste) method 
which IS said to have been introduced by Rutherford Mon 
son pnor to the Orr method is essentially similar to the Orr 
method It differs in that the wound resulting from the opera 
tive procedure is washed out with alcohol in order to dchv 
drarc the surface tissues No more than ’ drams of bipp paste 
which consists of 1 part bismuth subnitrate with 2 parts of 
iodoform powder and sufficient liquid paraffin to form the 
piste is rubbed into and made adherent to the walls and 
crevices of the wound Tlie wound is then packed with soft 
gauze soal ed w ith liquid paraffin containing a little bipp and 
the pirt IS immobili/cd cither in plaster of pans or by other 
methods of splinting 

MotisonsaimwastomstKme cvittam drainage by means 
of a thin film of liquid paraffin adherent to the surface of the 
w ound To make this possible he compounded this paste the 
\iniics of which asiac from making possible tbe physical 
idhcrcncc f the liquid pinffin are said to he in the fact that 
the bismuth subnitrate is trompiranvcly harmless and that the 
iodoform though dev oid of bactericidal pow ers has been tra 
ditionally thought to inhibit the grow th of bacteria 

The only difference between the Orr and the bipp methods 
IS according to the proponents of the latter tcchnic a substi 
tutioti in the former of vaseline for liquid paraffin and that 
of I ismuth and lod iform bv a disagtccablc odor One must 
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from the bottom up The nonaJherence of the pack allows it 
to be pushed out of the ^\onnd b\ the ne\ I\ Jonned <Tnnu 
boons The infrequencj of the dressings a\ oid> the accom 
pan\nng incidental secondm infections pain and discom 
fort The immobilization provides relief of muscle spasm aids 
in lessening the indanunaron process and relreies pam Spon 
taneous disinfecoon of the wound is thought to occur on the 
basis of the explanations and theoncs advanced b\ Besredka 
and d Herelle through the /ornianon of bactenophatrg 

It IS therefore endent thar the Orr technic fulfills onh three 
of the four cnteria for the ideal therapy for chronic osteomv 
ehtis nameh the thorough sumcal remov al of all diseased 
tissues the efficient drainat^c of wound sloughs and dischar'^es 
and a harmless method of sponraneous and thenfon possibly 
uncertain disintecnon of the wound through the fonnan n 
of the bactenophjffc Tins method does not provide smart 
from the natural processes of repair for the hasttnin of the 
formation of <yranubaon tissue to fill the cavirv before acatn 
zacion occurs Nevertheless this method is much supenor to 
the Carrel Dakan technic m that it is more effect! e the per 
sistence of sinuses and failure of healing are less frequent it is 
more easily appbed it is Jess distressing^ to the panent and less 
toilsome to the surgeon 

This method is not entirelv sansfattor} in that there arc 
sail a considerable nurnber of failures of healjn<»’ and recur 
fences The odor incidental to the infrequent dressm<rs is at 
nmes distressmg Furthermore the loss of monon m adjacent 
j ints me dental to the prolonged unmobilization is at times 
disalling Notvnthstandin" all this it is the most frequenth 
used method at this omc Under \ ar conditions t has prov ed 
effect! e as was indicated bv Truetas v ork 

M d Teat f th Orr M Hi d 

/I/bee —The Orr method has been modified bj Albee to the 
extent that he introduces mto the wound a bjctenophjze 
potent for the offending otgjoum The w ound is packed warh 
a varvw mixture of paraffin and vaseline dependincr upon 
the depth of the cavitv This mixture is ntroduced into the 
V ound m the melted state at about 1 10 F UTien ir cools and 
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f()( d Ma^^ots tlicrcf<rc prepin. their food for c msumption 
bj secreting aprcitcoljttc cn/^mc which acts on the dead pro 
tcin mitter in the medium to lircil it dou n to i liquid state 
This act of feeding results m the removal from the wound 
i f sloughed and necrosed tissues thus remos in^ the medium 
upon w Inch b icteru grt w In this act of feeding m in\ micro 
( rganisms arc consumed and dc troyed by i bictcricidil sub 
stance whicli is produced in the ahmentit) tnct of the mag 
gots I Ins substincc his nisi been demonstrated in the excrcti 
)f the maggots and has been f< und lethal ft r in nij species of 
bacteria including Staphylococcus aureus Streptococcus 
hcmol)ticus and Clostridium uclclm Tlic cvercta of maggots 
contain yet another substance allantoin which has been found 
to be a biological stimulant of growth of granuhtion tissue 
Another cTiiractcnstic of maggots is that they in some w ay 
change the medium m which they live from faintly acid tti 
fimtlv all aline thus further inhibiting bicrcrial growth 
\ ct another chmctcristic of maggots thn is most importiiu 
to w ounds housinc them is their commiious ctaw ling about If 
the maggots arc mit cxcc sue m miinl cr tlic resultint irrita 
tton will be sufficiently subininimal to stimulate the npul 
formation of gnnulation tissue An additional response on the 
I art of the host t( this physical irritation is to produce a 
[ rofusc caudate which aids m wa lung micro orginisms out 
of the crcsiccs of the Wound This fluul together with the 
excess liquid end products resulting from the proteolytic ac 
tiMty <f mafTgots is drained off in the toilet of the wound 
w ith the ultimate result that the w r un 1 is thort ughly cleansed 
[ h\ sic illy of debris and bicrena 

It therefore Iicci mes ctidcnc that the use of iniggrt cn 
compasses an armada of f >rccs which is found in no other 
system of therapy It includes (I) the use of submmiinil 
physical irritation to induce npul f riuituu of gnnuUtion 
tissue ( ) the u c of subminiinal physicil irritation to pniducc 
a profuse exudate winch aids pliysicilly tr cleanse the wound 
and ICS crcsiccs of bactena and Uebns (}) the use of cn7y 
matic digestion if necrotic tissue to cleanse the wound and 
thus eliminate the medium upon which bactena grow (4) the 
vise of ems matic digestion of necrotic tissue to produce bque 
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how e\ er caunon against the use of more than ’ drams of this 
paste at one time lest toxic s\ mptoms occur 

MAGGOT THERAPY 

The preparation of the part foe im^rgot rherapj consists 
of shaxins and cleansing with soap and water "No chemical 
disinfectants need be used at an> time pnor to or at the time 
of the operation The surgical procedure must be as thorou h 
IS m the hereinbefore desenbed s) stems of therap\ for the 
matTCTot w ill not do x hat the surgeon fails to do A.t the con 
elusion of the operauon the wound is lined with xaselme 
pauze and packed with plain rjauzc A loluniinous compre 
Sion bandage of sheer wadding flannel and adhesixe is then 
applied \o plaster of pans support need be used unless a 
fracture of the part is feared ^fter sex en to ten da\ s the pack 
inn js nentlx remoxed This is usuallx painless and bloodless 
because of the x iselme gauze lining 

A. suitable number of mangoes xarx nn from scxeral hun 
dred to a Th< usand depending upon the size of the les on are 
then transferred to the ound This is accomplished by add 
mg sterile saline to the flask contaminn the Ian ae The flask 
IS shaken to make a suspensi n xvhich is filtered through a 
mall square of fine n eshed sterile cheese cloth The cloth and 
irs supenmposed msg^fots are then placed jn the ound The 
skin at the penpherx of the xxound is smeared ith liqu d ad 
hesi c and a piece of fine meshed stenie cheese cl th of appro 
pnate pattern i placed oxer the xxoini and n ade adherent 
to Its penpherx This results m a xerx effectixe ca^e for the 
maggots 

The frequencx of subsequent n an ot d essi n ill depend 
on the lonne itj of the larxae This in turn all xarj d rectlx 
X ith the amount of slough and d scharge present At tlie out 
set dressin s should be done eveij fixedaxs Subsequent!) as 
the XX ound diminishes in size and its cleanliness increases the 
dressinns should be more frequent Drcssinns should be con 
f nued until the w ound becom s obi terated 
The effect! eness of manwots in properl) selected ound 
I do eh t ed to their normal Lfe p ocesse The r al encarx 
tnets ire so con tituted that the) in consume onl) i quid 
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sclerosis and rarefacuon disappear In those instances in svhich 
further operative procedures were instituted for one reason 
or another the gross appearance of these healed areas were 
most satisfactory m that the bone had lost the hardness and 
avjsculanty charactcnstic of the chronic osteomyelitis The 
frequenev of failure of healing persistence of sinuses and re 
currences in those instant-cs in w fuch a thorough and complete 
operative procedure could and actually was satisfactorily per 
toinied is relatively small 1 he results m those instances which 
could not be subjected to a thorough surgical attack, either 
because of anatomic considerations or because of other con 
iraindieations are ts unsatisfactory as with other methods 
Maggot therapy has m my evperience produced the most 
sitisfauory results obtninable at the present time Its greatest 
deterrent is tlie considerable expense incurred m the use of 
tomintrcully produced maggots and m the telatiyely long 
periods f hospitali7at»on T he first element of the cost can be 
c nsidcrnbly reduced by an efficient ht^ital labontory yshere 
luigigots nny be bred inexpensively The second element of 
espense becomes insignificant when one notes on comparing 
with other methods the relamely short period of conval 
c cence the infrequency of recurrences m properly selected 
and properly treated cases the lack of limitation of motion in 
adjacent joints and the rclatne well being of the patients 
while undergoing this fonn of treatment 

Attempts have been mide to subsutuie for maggot therapy 
by the use of allantuin urea and macgot enzy mes All of these 
products substitute for but one of the many virtues of mag 
gots "I he most mq ortant characteristic the ability to produce 
ubmmimal physical irritation to hviten the formation of 
granulation tissue has not been rej roduced by any of the at 
tempted shortcuts None of the ub mutes Ins been j roved 
t fc effective 


SULFATHIAZOLE THERAPY 
1 his liscuv I mt f the local thcrapv of chrome tc imy elitis 
w«uld be mcomjlctc v iihout calling attentijn to the most 
recently described but as yet unproted method of treatment 
llus plm of thenpy described by Dickson Divclcy and 
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faction \vhich aids in the ph>5ica] cleansing of the nound of 
bacteria and debris (5) the use of a potent bactericidal sub 
stance in the alimentary tract of the larvae and in the sur 
rounding medium to destroy the offending micro organisms 
(6) the use of chemical inhibition of bactenal growth throut^h 
the change of the reaction of the medium from acid to alka 
line and finally (7) the use >f a biological stimulant of growth 
througli the formation of aliantom 

Maggot therap\ fulfills all of the criteria proposed for the 
ideal method of treatment of chreme osteomyelitis in that 
(1) It is postulated on a thorouofi surgical removal of all dis 
eased and scarred tissues as well as all foreign bodies present 
(■’) It provides an efficient method of drainao-e (3) it pro 
V ides an efficient and harmless method of disinfection of the 
wound and finally (4) n provides an agent v hich hastens the 
rapid fillm«» of the wound with healthy granulations at a suf 
ficient rate of speed if the method is properly used to coni 
plctelv fill the cav itv f efore the circulatorv chan'^es incidental 
to scar formation occur 

Cbnicall) wounds housing' mag<»ots undergo rapid and 
sml mg changes Soon after the introducaon of this thera 
peutic agent there is a profuse exudate which persists dunng 
the lifetime of the ma»gots The acid reacnon of the osteomy^ 
elitic lesion becomes all alinc All slou<'hs and necrotic material 
lisappear to be replaced bv rapidly developinf^ firm and 
healthy gnnulations Bacterial counts show a rapid diniinunon 
in the number of micro organisms m the wound Complete 
closure of the v ound occurs in tv o to four months dependin 
upon a number of anabJes such as the age of the patient the 
hromcity of the lesion the extent of the lesion the number 
of prevnous operitions the general status of the blood and 
lymph circulation tf the pan and rhe frequency of maggot 
iessings 

The resultant scars are usually soft and nonadherent and 
rhe adiacenr joints are not bound do m by intrinsic adhesions 
or by adhes ons of their acti\«ing moscul r mechanisms The 
bony scars as vnsualized on the roentj^enocram are minimal 
for rhe medullary canals become reformed the bone contours 
assume more normal aspects and the characteristic patches of 
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sclerosis and rarcfacuon disappear In those instances in which 
funher opcrame procedures were instituted for one reason 
or another the gross appearance of these healed areas were 
most satisfactory m thit the bone had lost the hardness and 
avascubntj characteristic of the chronic osteomyelitis Tlie 
frequency of failure of healing persistence of sinuses and re 
currcnces in those instances m w hich a thorough and complete 
operatn e procedure could and actually was satisfactorily per 
toimcd IS relatncly small The results in those instances which 
could not be subjected to a thorough surgical attack either 
because of anatomic considerations or because of other con 
traindications arc as unsatisfactory as with other methods 
Maggot therapy Ins in ma experience produced the most 
satisfactor\ results obtainable at the present rime Its greatest 
deterrent n the considerable expense incurred m the use of 
comnicrcnlU produced magi^ots and in the relatuelv long 
periods of h ispitali/ation 1 he first element of the cost can be 
considerably reduced by an efficient hc^ital laboratory where 
maggots ma\ be bred mexpcnsixciv The second element of 
expense becomes insignificant w hen one notes on companng 
with other methods the rclamcU short period of conval 
c ccncc the infrcqucntx of recurrences in properly selected 
ami properh treued cases the htk of limitation of motion in 
adjacent ) ints and the relative well being of the patients 
w hilc undergoing this form of treatment 
Attempts ha\ c been made tu subsoaite for maggot therapy 
b\ the use of allantoin urea and maggot enz> mes All of these 
products substitute for but one of the many v irtues of mag 
gots The most important characteristic the ability to produce 
subminimal physical irntamn to hasten the formation of 
granulatK n tissue has not I cen repniduced b\ anv of the at 
tempted shincuts None of the wil tmites has been prived 
t be effective 


8ULFATHIAZOLE THERAPY 

Ihi discuvi n f the local thcrapx of chrt uic tcumyelwi 
' uld be inconijdctc with ut calling attention to the most 
iwntlv described I ut as y ct unprov ed method of treatment 
Tins plan of therapy described bv Dickson Divelcv and 
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kiene consists of (I) the adnuiustration of sulfathiazole b\ 
mouth for at least three da)s pnor to the operation in suffi 
cient quanmies to assure an aterage blood concentration of 
4 7 per cent (’’) a thorough sauccri/uion operation (5) the 
introduction of about to 3 ^In of snlfathitzole powder b\ 
means of i nasal insufflator into the \\ imd (4) closure of 
the deep and superficial parts so as to cot cr the denuded bone 
(5) inimobilization in a piaster of pans bandage and (6) the 
ontinued admimstration of sulfathi izole b\ mouth for about 
fifteen da^s subsequent to the operatne interference The au 
thors reporr a ter^ hi<»h percentage (f heilin" b\ primar) 
union The substitution rf bactenoscasis for disinfection and 
the elimination of drainage and the neces-itj of filling the 
bone ca\it\ b\ granulation tis ue miflied in this mode of 
rherapv \ ill be a great step forward in the therapy of chronic 
0 teomy ebtis if further obsenatH ns and end results substan 
tiate the admittedly preliminary report 

OTHER CONSIDERATIONS IN TREATMENT 
The modes of therapy hereinbefore discussed represent the 
more modern approaches m the care of the local lesion One 
muse not how ei er ox erl ok the > ystenn ispeci in the treat 
ment of chrome osteonu elitis Tins sh >«ld ( by lously include 
a high yitam n hioh caloric diet nnd j roper hygienic care In 
the presence of secondars anc mi 1 cmaimics It cr therapy 
and transfusions should I e ad mmstered \ idc fr m these 
general measures little cm be 1 iie for there arc as yet no 
u ailablc anti eptic dn " ir sen effectnc m the I cil le i ) i 
\ accine bacteriuph ind t d I i\c all m turn been 
found useless insofir the I il le i ii in the ii ml case of 
chronic osteomy ebtis i c n c nctl 1 he u c f tlic ulfonc 
drugs either ith r irhout jriii r\ un re i still in the 
e^enmental stage and pdgment of their effect must there 
fore be left in abey incc for the \ resent 

It should not be asim d that the treatment f chronic 
osteomj e/itis is as 5 rnpJe i rhe un an rim lelelt belie c 
from a perusal of th s ( re ent tt n There uc many aspects of 
the disease y hich CO Id treililsl di u c 1 in the limited 
space alJorred Furrhermorc thcr is i c nsidcrabJe tjroijp of 
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patients suffenng from chronic osteom} clitis ho because of 
the anatomic location «)f the diseisc cannot be submitted to 
the radical operation postulated m the \ anous tj pes of therapj 
described In these incision for drainage maj be all that can 
be accomplished In some persistcntU draining sinuses may 
be b\ the set) nature of the situation acceptable while in 
others amputation mas be desirable and cscnmandator\ Few 
cases of chronic osteoim elitis Can be effcccstly treated b) 
rote Skill and good jud<nnent based on a critical expenence 
rather than the mere repetition of pre\ lous errors arc essential 
to the armamentanum of the surgeon who senousK under 
takes the therapy of this dread affection 
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Kiene consists of (1) the administration of sulfathiazole b\ 
mouth for at least three di>s prior to the operation in suffi 
cient quanaties to assure an aicrjge blood concentration of 
4 7 per cent ( ) a thorough saucenzjtion operauon (3) the 
I itroducfioii of about to 3 gm of sulfathiazole powder b\ 
means of a nasal insufflator into the \ ound (4) closure of 
the deep and superficial parts so as to cos cr the denuded bone 
(>) immobilizaaon in a plaster-of pans bandage and (6) the 
contmued admimstratjon of sulfathiaec Ic b\ mouth for about 
fifteen da) s subsequent to the operate c interference The au 
thors r^ort a \ers high percenrj«fc f healinf' bs priman 
union The substitution of bacten istasis for di infection and 
the elimination of drainage and the nccessitv t f fillin" the 
bone ca\ its b\ granulation ti sue implied m this mode of 
therapi will be a oreat step f rward m the thcrapv of chronic 
obteomi elms if funher observations and end results substan 
tiue the admittedlv preliminarv report 

OTHER CONSIOERATIOHS IN TREATMENT 
rhe modes of thetap) hereinbefore discussed represent the 
more modem approaches in the care of the local lesion One 
muse not however o erl ok the svst me isp ct in the treat 
ment of chronic osteoim elms This sh uld ob i usi) include 
a high vitamin high calonc diet ind proper In gicnic care In 
the presence of sccondarv tneiiui hcnntinics Iiv cr thcrapv 
and transfusions should I c idmim terc i \sidc from these 
general measures 1 ttle can I c d nc f ir there arc is \ ct no 
i\ ailable antiseptic drti(»v r cn effcctiv c in tlic It ctl |e ion 
\ accines bactenojh in I t il Inc ill in turn I een 

found u elcss nsofar i th I c 1 lesi n in rl c i i il W e of 
chrome oteomveir c ncemc I T he ii c f tl e ulfonc 
dru<^ cither v ith ithout p i n turc i till in the 
experimental stage and j dtnnent f their effect nutsr there 
fore be left m abev ance for the present 
It should not be vsum f that the treatment ( chronic 
ostcomvebtis is as simple i the n arv mav I c led ro belie c 
from a perusal of this present tion Tlicrc irc innv aspects of 
the disease hich could t rca I Iv I c listu c 1 in the limited 
space aliened Furth miore there i a c msidcrable croup of 
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patients suffering from chronic osteomyelitis who because of 
the anatomic locatK n of the disease cannot be submitted to 
the ndical >pcntu n postul itcd m the \ arious ty pes of therapj 
described In these incisitn for drainage may be all that can 
be accomplished In some persistentl> draining sinuses may 
be b\ the sery nature of the situation acceptable while in 
others amputation may be d«irable and c\ en mandatory Few 
cases of chronic ostcom\ clitis cin be effccmcly treated by 
rote Skill and good judgment based on a critical expenence 
rather than the mere repetition of previous errors are essential 
to the amiamentirium tif the surgeon who senousK under 
takes the thcrap\ of this dread iffection 
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APONEUROSIS OVERLAP FOR THE CURE OF 
INGUINAL HERNIA 

HENRY F GRAHAM MO C S 
d 

EOGAR O MARTINSON MD 

li IS eas\ to cure the ordinary inguinal hemia if a good 
o\ erlap of the aponeurosis of the eucrnal oblique muscle can 
be obtained If overlap js impossible a sheet of fascia lata from 
the thigh should be sutured over the opening 

No elaborate bagoftneks is oecessart for this condition 
In January 1933 Mcyncn published a description of the 
method he used but made no claim for pnonrj His operation 
seemed so simple and logicil that we abandoned the Bassim 
cipetitvcin and tdtpted it for pracncallv all aur inguinal 
hernias In the si\ year period from January 1933 tojanuart 
1939 ’47 inguinal herniorrhaphies on 199 patients have been 
performed by this technic on the V irst Surgical Sen ice of the 
victhodist Hospital Sixteen of these operations were for 
recurrent hemia and eleven were for strangulated hernia 
Tv\cm\ four were for direct hernia 

Exaniinations have been made of 01 of these patients (81 
per cent) from one to five years after the operation One 
hundred and t\\cnt\ six have been followed more than two 
\cars There hive been four recurrences in those examined 
(’ per cent) 

The details of technic and the care used m such an operation 
detenwne the end result more than the bnlbancc and manual 
lextcritx of the operator These operations were performed 
l\ twentv seven different su^ct ns 

TECHNIC 

The incision starts 1 inch above and to the inner side of 
the internal rins; It is pndonjjed obliquely downward and m 

F m h \t hoil -it Ilvij I Brooli 1), \ ^ 
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w ard to a point o\ er the pubic bone 1 incli below the ex 
temal ring 

Towels are clipped in plicc to cover tlie si m coiiiplctclv 
Severed vessels are ligated and the outer surface of the apon 
eurosis is scraped clean with the edge of n scilpel rcmovin 
all fat and areolar tissue frfim in area I inch wide that v ill 
later he in apposition to the inner surface of the low er flap 

The incision in the aponeurosis is pirallel to Poiipirt s li a 
ment ending close to the inner pillar of the cvtcrnal nn" This 
makes a wide flap below \o scpantion is made betw cen the 
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aponeurosis and the internal ol li juc ind transv er alis niu cles 
The spcrmauc cord is then lifted up the hcmial sac is sep 
arated Imted hi'^h up and removed Excess fat and cremaster 
niuscle arc taken aw av All fat and areolar tissues arc care 
fullv cleaned off the floor of the external nn^ an 1 the id 
laccnt pubic periosteum 

Next the edge of the upper and inner flap is sutured t 
Poupans 1 foment with Pa«Tenstecl cr suture placinf^ the 
stitches ’ or S inch apart 

The first suture un t s the inner pilnr to the pent tcui i 
of the pubic bone At the internal openin'^ sutures arc ti htiv 
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tied on both sides close to the cord and the edge of the 
aponeurosis is cut with scissors to give a triangular opening 
around the cord which fits snugl\ without pinching The 




in icr surf icc of the 1 \ er and outer apt neurotic flap is then 
clcmcd and brought up and sutured to the outer surface of 
the upper an! inner flip with Pafenstecher sutures This 
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\\ ard to a point o\ er the pabic hone I inch belo \ the e\ 
temal nng 

Toa% els are clipped m place to co\ er the skm completeh 
Se\cred Acssels are ligated and the outer surface of the apon 
eurosis is scraped clean with the edge of a scalpel remonn 
all fat and areolar tissue from an area 1 inch wide that will 
later lie in apposition to the inner surface of the low er flap 

The incision in the aponeurosis is p irallel to Poupart s li a 
ment ending close to the inner pillar of the cMcrnal nn"’ This 
makes a w ide flap below Ino separation is made betw een the 
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aponeurosis and the internal oblique and transv crsalis muscle 
The spermatic cord is then 1 fted up the hernia! sac is sep 
arated bgated high up and rcmoied Excess fat and cremaster 
muscle are taken aw 3> All fit and areolar tissues arc c re 
fulh cleaned off the floor of the external rin'^ and the ad 
laccnt pubic periosievim 

Jsext the ed^re of the upper and nner flap i utured t ) 
Poupart s ligament \ ith Pa<ren techer sunircs pla m<T the 
sntches ^ or s inch apart 

rhe first suture unites the nner p liar to the pen teui i 
if the pubic bone At the intemil openin'^ sutures arc n«'hth 
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tied on both sides close to the cord and the edge of the 
aponeurosis is cut with scissors to give a triangular opening 
around the cord which fits snugl\ without pinching The 




inner siirficc f the 1 wer and tuter aponeurotic flap is then 
clctncd and briualu up and sutured to the outer surface of 
the upper an! inner flap wjth Pu»cnstecher sutures This 
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makes n\ o right angle turns in the cord and transplants it to 
anew canal beneath the fat la) cr Interrupted plain gut sutures 
m the fat and a continuous skin suture complete the operation 

No bndtte or special support for the scrotum is necessary 
Unless bleeding is feared 

hnpoTtant pomts in the technic arc 

1 Remotal of all areolar tissue from adjacent surfaces 
Removal of all fat and muscle that can shrink later and 
Icav e an opcmng at the internal or CTtcmal nn*^ 

3 Nicking the cd»e of the aponeurosis opposite the cord 
This permits a tioht fit vithout pmchintr 

4 The use of nonabsorbable sutures resulting in less riBue 
irritation and a softer less indurated wound 

The end result will depend upon the character of the apon 
curosis and the meticulous efforts of the surt^con 

CoMPucATioss —There have been no deaths in the senes 
Co7iiplete atrophy of the testicle occurred sit times tw o after 
attempts to bring down an undcsccnded testicle Fi e instances 
of partial atrophy were noted No atrophj has been seen in 
anv of our recent cases since we beoan nickin'^ the ed«e of 
the aponeurosis to make i tnanguUr opening imteid of a 
slit 

Hydrocele occurred five nmes In three of these an asso 
ciatcd etcision of a v ancoccic v as performed in addition to 
the hemiorrhaphv 

Tw 0 of the recurrences cime tw o months after a bilateral 
hemiorrhaphv The panenr as nlcoholic and had a chronic 
bronchiDs 

Spinal anesthesia w as used one hundred times 
BIBLIOGRAPHY 
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USE OF X RADIATION AS AN ANALGESIC AGENT 

JOHN RUSSELL CARTY MD FACR 
ACTION OF X RAYS IN THE RELIEF OF PAIN 
The action of x raj s in the relief of pain is poorly under 
stood It IS probably based on several different actions It is 
Inovvn by clinical experience that roentgen radiation often 
has a beneficial effect upon inflammatory processes The most 
likely theon postulates a Jeulocvnc destruction with the 
liberation of antibacterial substances There is no convincing 
evidence that there is a direct effect f the radiation unon 
bacteria themselves especially under conditions prevailing 
m the human body Thus actually the anti infectious quality 
of the roentgen rav probabU accounts fr r the relief of pain 
where there is an infection This compnses m all probability 
a large group of cases \\ here malignancy js involved a relief 
of pressure due to the reduction in size of the tumor mass may 
pUy a large part However there are cases m which pain is 
relieved without this reduction in size 
Lllsberg Dividtff and Dyke Catty and Ray have shown 
that large intensities of radiation applied to the brain cause 
cyroly sis Possibly there may be an alteration m the function 
of a nerve \''ascular action may il u play a part 
In a few instances roentgen therapy may actually increase 
thepjin A study of ten such cases on autopsy findint^s shoyved 
that in six there w a a definite infiltration of the nerv e Tissues 
by cancer cells and m the rem lining four cases there was 
a great deal of fibrosis The role of fibrosis in producing this 
effect is not clear as the pain of certain scars may be greatly 
reheyedby roentgen therapy 

SELECTION OF CASES 

It should be borne in mind that roentgen therapy is a power 
ful agent and should not be used indncnminatcly There 
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fore It IS ncces irj to imkc a critical sdcctii n of cases m 
ortler tnit \ igue pains on a neurotic basis be excluded If this 
IS nor done the method maj be discredited Our criteria are 
as follow s 

I Definite cliiijcal signs of j am such as Jack of sleep 
Locali/atu n of the pain in one general area 

3 Sensor) changes or local tenderness 

4 L\ idcnce of inflammation 

5 Evidence of tumor formation 

In tlie long srandm" cases \ ridution shfuld be reserved 
for instances m w hich other generally accepted methods ha\ e 
failed 

If a case is deemed suitable for \ ra\ thcrapv the follow in 
considerations mi\ be of hclf in estimating elfieicj of the 
method 

1 \ge IS import tnt Ev cn thing else bemg the same a much 
better result ould be obtained m a paticnr twenty years of 
af»c than one sui\ y ears old 

The earlier treatments are given m the course of the 
disease tfie better the result would be 

3 If there is an exacerbation of pain immcdi «el\ follow m® 
the first few rrearnients a ijood result may confidenrh be 
1 ol cd for 

4 If no relief is obtained dunn'» or immediatelv folio v m«^ 
an adequate senes of treatments the treatment ill probably 
net meet with success 

5 '^n adequate amount of radiation must be gn en 

The use of x ray therapv for the relief of pom in vuhgnsnt 
covditwvs IS perhaps not sufficiently appreented \ ny 
therapy is \ cll w orth considenng unless there is some definite 
contraindication such as the terminal stage of the disease or 
markedly depleted blood even though the tumor may be 
radioresistant Relief of pain will follow m s me instances 
even though not much change s noted m the growth of the 
cancer 

The intensity and duration of pam m svperficixl tnfectiovs 
may some times be cons denbly reduced the x ny actin" as 
an efficient and rapid poultice Painful infections such as hoi/s 
and carbuncles folio intramuscu! r injections are x ell 



THE USE OF \ RAorATlOV AS AN ANALGESIC AGENT 605 


suited for \ raj therapy They should always bt treated with 
the active cooperation of the surgeon It is vcrv important 
not to give too large a single dose as there is clinical evidence 
CO indicate that large doses may actually spread the infection 
Not more than 100 roentgen units should be given at one time 
in an acute infectious process Painful infections of the prrotid 
glffnd respond w ell particularly if there is no ev idence of dila 
rnn of the ducts due to fibrosis or stone It is well to mal e 
sialograms m all cases with the possible exception of acute 
surgical parotitis 

Ocher uses ot x radiation as an anilt^esic agent are described 
in the case reports given later 
In addition to the conditions mentioned \ rw has been 
used m the treatment of augnnl pani Our expenence is too 
limited to permit the drawing of conclusions 

TECHNICAL CONEIDE R AT I ON E 
In most instances we prefer to use 00 KVP radiation 
hJtered w jth 1 to mm of copper plus 1 mm of aluminum 
Analgesn tr i varying degree will be usuallv produced by a 
total dosa'Tc jf 100 t 1 00 roentgen units measured in air ro 
the si m depending upon the causative factor Acute mfec 
tiocis repire 100 to fOO roentgens Herpes zoster and acute 
bursitis usualU require at least 800 roentgens Pam due to 
deep setfcd c-incer obvioUsK requires more radiation per area 
up to 000 roentgens or more before results are obtained 

In general imilttple s rialt doses are preferred to a large 
mgie dose As has been mentioned this is definitely the case in 
iCHte infections If the treatment has been insufficient there 
IS a greater tendency to a subse yuent recurrence In heqscs 
and radiculitis burmn" Uchin«» and tmglinf»^ sensations may 
persist for several msmhs following the relief of the pain 
1 ecurrence is aj t to tal e pla<% if patient shov s these s\ mp 
toms 

Caution must he cvcrcised to prevent the application over 
the radiated irea of heat in any form adhesive plaster imtat 
in" sub nncts and the Idc These mav sensitize the shin with 
1 rt ultin unevjcctcdly severe reaction 
Tlic lucstion of repeating the series for recurrence is a 
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difficult one Ob%Jousl^ one cannot continue \ radiation m 
definite!^ hether ot not the senes should be repeated 
depends upon the senousness of the pain and the amount 
pretnouslj gncn No defimtenilcscan be bid do -nregardm 
this Each case must be considered by itself 

ILLUSTRATIVE CASES 
Ca e 1 P -arf c I I flommal of fh R ghf Elb w 

History — \ U a uman t\ cnt\ e ^1 1 \ e rs f a e c m 
pi ned of pa n m the lat ral a pett f the ri^ht elh i ) nt and 

M a ref rred for ra\ th rap\ Tot ears a o th p tient \ ho 

IS a tel phone operat r |ir d her ht elbo si chtU shle 
open ng a s in ioi Since rhen she ha had occa nal t» inces of 

pain which becanen re freouent F edass t' sh hd ser\ 

se\ ere attack f pa n ith m I ilit\ to n o e the n ht elb a d 
s ell n<f on the lateral a peer 

Exarmrrixtion —Phs steal < minao n is esse n 11\ ne^ t ee 
cepe for the local condti n The patent \as iff tin se\e e 
pa n There s tendemes s\ ell ng nd heat noted on th It 
eral sp ct of th | mt sp ce Moti n of the elbo as aim t 
e mpteteh ret cted Palpation \as er\ dffi ilt becau-c ( 
tend m ss b It in th c nc r f the sv lien a a there as a 
small osal area hich app red s m h t hard 
\ s c\ in nat on sho d no e dence of pad olo" c chant, 
ithin the )0 nt There t s Imca sh d of nc cased den t\ 

1\ n" )usi later I to the c t mal co d\le f the h meru Fh 
shado as c mpIcteU am rj h us nd n irre la tv ' s noted 
in tl e s badj c t bone 

D jgnos s \ as per anh ns th calci m dep s ts app entiv 
n a L<'atnent 

Plan of Tre t ei t — Th p iicnt re ci d siv d 1\ treatn ent 
of 200 r ent cn unit (me ured o ir) p r t eatment sne 
00 P r d an n 50 cm ki tan^c d stance th u h 1 mm f 
coppe and 1 n tn of al m num ffltrat n The pat eta med 
to expe t an e e bati n of the p n nd s veil n? 

Si/ise]! e It Cou se — Shortlv after the first tr atm nt tl e p n 
be ame ae ra ated and the sclliti" ncrea cd m kediv Folio 
in" the sec nd t eatment m lar react \ a n ted onlv 1 ss 

m rked Foil \ i " the th d tr tme t th red s cll d 

\ cjl fcndem ss d mi 1 1 cd nd s m mot on as p s 1 1 The 

pii, nthdJg d "gta fc p Th mp m t c ntm d 
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Stead 1) Three weeks after the instituton (f treatment the pa 
tienc had nc pain an\ was aUe t mo e her atm tjviiti, freeK 
Checkup radiographs of the elbow showed sime decrease in 
the calcification presiouslj noted 
Si\ eeks after the mstrtut on of therapv the calcified area had 
disappeared Aside from a i o casional tw ingc of pa n the patient 
has remained free from di tress "ind is vcr\ well satisfied \ith 
the result 

Covmient —This case represents the most favorable type for 
the use of x ray therapj m painful pen arthntts u the rel 
atively )oung age acuteness of the process marked imme 
diate reaction to the \ ray therap) and disappearance of the 
calcium deposits 

An unusual feature of this case was the resemblance of the 
calcium deposit to a piece of btne which might have been 
detached w hen the patient injured the elbow tw o y cars ago 
Hoyaeser the normal neichborhood bone and the behavior 
under \ ray therapy shr uld rule out that possibility The 
patient was also instructed to use both hands at the syvitch 
board 

Cate must be taken not to ptoduee skm changes In case 
if recurrence repeat senes should only be undertaken with 
caution Any dosage under 600 roemcens in some instances 
is considered insufficient 

C« II Herp f the P f F m 1 Cut u Ne e 

H/xfc> y — M F lifts loursca old Italian oman c^htdays 
p r ti adm s n t d pa n the left qluteal regi n rad 
t ng 1 ml p ter nd rad 1 p rc n t the left thigh Tlic 
pi n I ch \ 1 h ting in cl ar cter grad iall\ increas d in 
e\crt\ and a mpa cdl> bum ng sens t n in the same 
recion 

Exai t atiou — \ ra\ of tl pel s and luml osacral spine 
h 1 n thintr s cn ticant 

0\ plu I c\at n t n tvpcal herpetc skin lew n tie 
not d lo th i irlmon of the poten r fen ral cut cous 
none 

flan \ T cat rif— R d t n s as applied to a 10 I y 14 cm 
Icld ttlcl t h ml ar an 1 sacral p nc n a do a're of 150 
roentee m t da U t at tal of 900 units, u in« 00 k\ P with 



606 


JOHN RUSSELL CAR'n 


111 c pper pi s 1 inm f aluiumum at a 50 cm d cance 
Dunri'T the course of the treatment the pam disappeared In sp te 
of the di app ar nee f pain the full planned do e was pi\en^ 

Qovmieiit —hx. this age herpes zoster is apt to give nse to 
chronic postherpetic pain Aihicft is evccedmglj difHcuft to 
treat and nia\ seriously deplete the patients \\ e feci that 
\ radiation is n powerful prophylaxis m prcvcntin<»^ post 
herpetic pain Once the pain has started how c\ cr \ radiation 
IS not particularh efFecine 

In certain cases particularh where cutaneous nianifesta 
tions are marked local treatment is also gw cn One ^ ouni» girl 
w ith complete facial herpes associated w ith marked skin cnip 
tion w hich w as cr\ sipeioid m character and threatened in 
\ol\ement of the comei was treated locallv as well as o%cr 
the ganglion The process cleiredrapidh perhaps sa\in» the 
sight of the affected e\e 

C III S le N I 

History ~J 15 S a man fom nine \ ear fa" \ as referred 
fc r ra\ th rap\ f r r ght sciatic neu ti The sc at c be n 
s X mo ths a "0 Foil n^ the remo al of de tal infecti n th 
ncuriti mp \ ed until one month bef re ad ssi n hen it I 
came ors TI er ^ s a h r n of a pre loiis arrack ten \ e 
a 0 

Exvnntit j -Phvscal c an nation sh sed tl c n \cme ts f 
fh sp ne 3 d x "bt Je" to be restricted apparenth 1 \ pain Tl e 
pn\3 alknchratec tend ntr dot n\ ard ! g th 
p ten r p rti n of th ht th ch t the ankle Tlie c \ a def 
1 te tend rn ss al n" th s at c tm k Th re e c o en or\ 
or m jtor n u lo" ch n s Radi ijraph of the sp ne and pel 
re e" t Th p ti nt to k d n h I it all\ f r cl f 

f p 1 R tal e m n tl n cr o U ne«nit \e re It 

Fiji of T e ii «f— Rad t n a appi cd to 10 1 1 15 cm 
fi Id e th lo er I mbn e "0 alsactOO c egen 

ts d U to t t 1 of 6 0 n ts u n 00 k\ P th 1 mm 

c pper p) 1 mm f luro n m 1 50 m d ta e 

Covnueiit —The tenderness disappeared folio t ing the last 
treatment There s s exacerbation of pn n folio un" the first 
fc\ treatments Pam slo h stopped and the patient gave up 
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codeine Three j ears later he had no complaints This reprc 
sente a good result although the total dosage \'as somewhat 
low The e\acerbation of pam following the first treatment 
IS a good prognostic sign 

Ca IV Pa lul Arth t s 

History — J M a man hft\ five jc rs of age \ as referred for 
X ra\ treatment of a p nful ri ht shoulder Pam \ hich was first 
noted a year a o became steadily v orse Seven months ago the 
patient had an attack f ron ry occlusion confirmed by elm 
c 1 and lab ratorj find n'»s He as unable to sleep 1 ecause f 
the shoulder pam and did not ish to take opi tes 

—The patient showed the effects of contin ed p n 
and lack of sleep There was limit t n f motion of the jemt 
largelj because of pam There was son c atr phy of the muscles 
of the ii"ht arm and shoulder 

\ ray ev mi ation of the ri"ht $h uider howed narroyvin of 
the )Oi c space i id eating cart la c destruction v ith slight pro 
ducti e changes of the subadjac nt lone D a^n ss v as hyper 
tr phic arthritis 

r/j? of T atviem -R diaii n as appi ed m d sa es of ’00 
roentgen units cv cry other d y to a t tal of roo unit usmff ’00 
KVP w th 1 inm of opper pi s 1 mm of al ni num at 50 cm 
di tance P n nd 1 ot leep were h inf» n ad erse effect 

on the cardia cond cion The \ av treat lent w s nd cated 

s leh to g e 1 cf f m pain 

Results -Foil 111 the t) ird tr at ent tl e pat e t had a gt od 
n <Tht s sleep 

Rid o r phs f the r ht ho Ider m ie thr c veek liter 

sh ed n ) ch ige Tl e p t ent cm nc 1 fr e f pa i I w cv c 

f r on yea 

k I n rccu ren c ol the pa n a repeat r c f 4<)i) r nti,c i 
init \ pre nbed Rcforc this ere v e plctc I the pitic t 
led II H nh pres lably fro i a car lac nfarct 

Coimiieut -This is the second case of painful anhntis of 
the shouHcr associated with coronary sclerosis that I have 

treated In both instances there was a satisfactory allcviati n of 

pain althoimh m neither cisc was there any thin^c in the 
ralu '^rapine ijjcinncc f >lUjw\n<r \ jjdnti m 

Tins li >1 1 tn c in ill of our ciscs of pnnful jitlinti , ir 
iiciihrK In I crtrophic mhntis Ioisiimi.h is , c nerc mter 
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ested pnmanl) m alleviation of pain ue did not imescmce 
sufficiently to determine the complete clinical effect on the 
arthnuc process itself 

C $e V Pa f I M fasiase 

Hitory — F W oman fift\ tv o \ ears of i c c iic c ni 
plainin'^ of p in \ h ch had been present in the r ht h p and th 
upper lun bar region for the past se eral months The pa n has 
become increas nal\ sc\ e unt 1 the patient s unable to alV 
T\ < j ears p e\ ou I\ sh had the left brca t remo cd for car 
cinoma Nine months I t r mult pic skin and hmphatc metas 
cases developed o cr th nterior chest Folio i " intensive t 
rad tion the loc I les ns cleared up The pat cnc v as in go d 
cond cion for fo r months hen she co iplaincd of sev ere radi 
It fr pain dov tv th ri-,ht lew Rad o"raphv sh v ed a quest on ble 
metastatic tea m the b dv of the second lun bar ertebr T 
eeks later the p n h d complecelv disappeared and the p tieni 
was ell nclthep sent dmiss n 
Etjt «/;« « —Th pain this t nc s er\ sev ere and rad o* 
raphic tudv sho cd d fint metastases n the upper I mbar 
V ertebra v iih prob ble nv ol me t of tl e lo\ er i \ o d r al cr 
tebrae The verc e ten. e metastatc areas in the neck and 
tr cha teric re® on of the r ht fen r and the r "ht 1 um ab ut 
th 3C tabulum 

Pin of Treiti tent —\ ravs ere applied throu h tv o par 
ertebral 16 bv 8 cm po t Is er the lov er dors 1 and upper 
I imb rrwn nd <» of 200 roentgen unit (a r) at each 
pon I e en da\ nal 1000 un ts h d b n g cn T\ dd ii nal 

port Is e ch 15 bv Ij cm o r the antcr rad posterolateral 

reel ns f th n^ht I ip e pla ned t receive 400 roe t en 
n ts ev r\ thi d dav t a s nH h p p tal for a tot 1 f 1 00 
n t t each a the other fact rs be 00 K\ P 70 m tar 

e t d t nc filter d thr t.h I n m f c pp r plus 1 n ni f 

1 inin m Th p tiem compl t d th series m fift en dj\ s t 

h ch time pi n the r "ht hip hid d pp ared and the p in n 

the I mb sp ne h d d m ni h d Sh n h t n u it I 

I r n" the latr r p rt f the the p\ cr cs 
Fi e m nths 1 t r th p t e t s c ed n I\ ell c cept f 

n 0 cas on 1 tv n" f pa n o r the sacrum Sh has been ble 

to li a f Iv n m 1 1 f 
Rad owraphic c am n t n 
metasr uc a eas 


h d fill n m of the destmet 
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Covmiem —This siiows the value of x radiation in a some 
what sensitive carcinoma simplex of the breast Although of 
course the eventual outlool is hopeless much can be done to 
make the patient comfortable Lven though the tumor is not 
radiosensitive \ radiation should not be withheld for this 
reason alone \\ hen we are dcnhng with a malignanc\ which 
IS prone to mctastasirc to bone x radiation is not vv ithheld 
when pain is present and the radiographic study is negative 
pamculatl) if the patient has not sulfcred pain in the same 
area prior to the occurrence of the primary lesion Suffering 
cm be spared the patient if this rule is follow ed At times an 
entirely negativ c radiographic study may be obtained even in 
the presence of extensive mctastascs In all doubtful case 
phosphatase studies are indicated 
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ested pnmanij in aUe\iauon of pain did not in\esti<^te 
sufficient!) to determine the complete clinical effect on the 
arthrmc process itself 

Ca % V P f ! M f tase 

History— V \\ a iinanfifn t \ ears of a an c i 
pi inm'T of pain hich had be n pres nt in the n ht hip and th 
upper lun b r re<' n for the past sc eral n nths The pam has 
become increasinj,l\ se\ere untl the patient un ble to 11^ 
T <j sears p lousK she had the left breast remosed for ca 
c n ma \me m nths later mulnple skin and l\mphatic metas- 
tases de\ eloped o er the anter r chest Folio m<» mtensie x 
radiat on the lo 1 les ons cleared up The pat nt as in g od 
ndit on for f r n onths when she con plain d of sc\ ere r d 
t nj pam down the r ght lc<» R dOj,r phv sho cdaquesti nable 
tastatic area m the bod\ of the $ cond lumb r ertebra 1 
ks later the p in had completeK dis ppe red nd the pat < c 
as ell until ch present admiss on 

Carnn jjrf 0 1 — The pa n th s t n as et) sese ad dio- 
(T ph c sr di sho ed leffn te merastases m ch pper lamb r 
rtel rae X ith prob ble in ol mentof the lo xe n o dorsal er 
t brae The e e e tensixe met state area in the neck and 
trochanteric e<r n of the r ht f m r a d the r ht I urn ab t 
the cec bulum 

PUii of Trejni nt-\ rax e appl ed thr h tx o p ra 
rtcbral 16 b\ 8 cn p rtals o r the lo r d rsal and uppe 
lumbar regi n n dosages f 00 entge units ( irj at each 

p rtal e erx da\ nt 1 1000 mt had b en gi n T o dd t on I 
p rtals each 15 b> IS cm ox the ante lor nd p terolateral 

resions f the n'^br bip ere planned r r ce 400 roenc en 

u ts e erx th d d X to a s le hip p rtal f total f 1 00 
n ts t each a ca the ther f ct rs be 200 KkT 70 cm tar 
g t di tan e filt d thr u*'h 1 mm f copp r pi 1 mm f 
aluininu i The p t nt c mpl ted th series m fifteen d \ s at 
h h time pa i the rij,ht h p h d dis pp ar d d th p i n 
the luml ar sp h d d m h d She s m h t nau tc 1 

J ir fh 1 ct p rf of th th ft cr e 
Fi e n ths 1 te th p t ent cecd 11 e cept f r 

an cca ion I n nf' f p or the xacrun Sh has been abl 
ro 1 e a fa rl\ n rn II te 

Rad oer ph c e a n t sh d filling f the destruct e 
metastatic ar as 
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We must all recognize the clinical entitj that consists of 
the following symptoms (1) pjtn on the side of the neck 
radiating o\er the scapula in the back and under the clavicle 
in front down over shoulder upper extremity and into the 
hand along the course of radial ulnar or median nerves (’) 
oscular syniptonis of diminished pulse or blood pressure on 
the affected side (3) xasoinotor complaints of ischemia or 
temperature changes and (4) tenderness on pressure ov er the 
scalenus anticus muscle or brachial plexus W^hen a patient 
presents these symptoms we think of a possible cervical nb 
spasticity of scalenus anticus muscle brachial plexus neuritis 
or radiculitis due to cervical arthritis After arthritis and focal 
infections have been ruled out we still have a group of cases 
in which the symptoms are undoubtedly due to mechanical 
pressure 

PATHOLOGY 


When we review the skeletal structures in this region we 
find the vertebral column the mam support against gravity 
The weight that this column has to support is represented 
b\ the scapula and the upper extremity This weight is sus 
pended on the vertebral column by means of muscles such as 
trapezius lev ator scapulae and rhomboids The sternoclavic 
ular joint is the fulcrum for the motion of the scapula The 
position of the scapula and the arm in relation to the v ertebral 
column determines the relation between the superior outlet of 
the thorax and such structures as the subclavian arterv and 
^ ein and the brachial plexus The thoracic supenor outlet is 
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W E must all recognize the clinical entity that consists of 
the following symptoms (1) pum on the side of the neck 
radiating o\ er the scapula m the back, and under the cla\ icle 
in front down o\er shoulder upper extremity and into the 
hand along the course of radial ulnar or median ner\es (2) 
ascular syviptovis of diminished pulse or blood pressure on 
the affected side (3) xasomotor comphmts of ischemia or 
temperature changes and (4) tenderness on pressure o\ er the 
scalenus amicus muscle or brachial plexus hen a patient 
presents these symptoms we think, of a possible ccrsical nb 
spasticity of scalenus anticus muscle brachial plexus neuntis 
or radiculitis due to cervical atthntis After arthritis and focal 
infections have been ruled out vve still have a group of cases 
in which the symptoms are undoubtedly due to mechanical 
pressure 

PATHOLOGY 


^^hen we review the skeletal structures m this region we 
find the vertebral column the mam support against gravity 
The weight that this column has to support is represented 
by the scapula and the upper extremity This w eight is sus 
pended on the vertebral column by means of muscles such as 
trapezius levator scapulae and rhomboids The sternoclavic 
ular joint is the fulcrum for the motion of the scapula The 
position of the scapula and the arm in relation to the v ertebral 
column determines the relation between the superior outlet of 
the thorax and such structures as the subclavian artery and 
vein and the brachial plexus The thoracic superior outlet is 
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congenital recessnc ataMsms which arise at unstable areas of 

the spine as in the cervicodorsal and luinbodorsal areas lie 

describes four tjpes of cervical nbs which usuall) come off 
the sev enth cer. ical \ ettebra The first ty pe is only an increase 
of costal process The second type presents a rudimcntarx rib 
extending beyond the transverse process usually with a free 
end The third ty'pe is a well developed nb which extends to 
the costal cartilage of the first nb and is often united to it 
by a ligament In the fourth type a fully developed nb 
actuallv articulates w ith the first costal cartilage or sternum 
Any of these types may be unilateral or bilateral These striic 
cures lengthen the thorax by one nb 
The incidence of cervical nb m the general population is 
about 0 5 per cent Any of the four ty pes of cerv ical nb may 
produce symptoms due to direct pressure producing stretch 
mg compression or friction against the vital structures ptsv 
mg through the scalem tnangle Although cervical nbs are 
usually bilateral the symptoms are mostly unilateral Only 
about 5 to 10 per cent of individuals with cervical ribs will 
develop symptoms Although distnbution of cervical nbs is 
about equal m both sexes the symptoms arc three times more 
common in women 

3 Scale7ms Amicus Syndronte —This is often described as 
an entity but the wntcr believes it is only rational to assume 
with Naffzigcr that injury excessive occupational strain or 
poor musculature may cause the shoulders to droop md pre 
cipitates the signs and symptoms of the ccrvicobrachial s\n 
drome The low cr roots < f the brachial plexus and the sub 
clavian artery arch upward over the nb cage ind over the 
edge of the scalenus anneus muscle w hich holds them back or 
in a nu re posterior position The presence of a cerv ical nb 
may push the scalenus posticus and medius forward thereby 
constnetmg the space between the scalcni muscles through 
hich the subclavian vessels and brachial plexus must pass 
4 Increased Traction from TI «/jih Thoracic Cage—]t 
seems conceivable that tracnon of structures going over the 
upper nm of the thoracic cage from the attached organs 
wathin the thorax mav produce the s\ mptoms under discus 
Sion In a pneumothorax there may be enough puU from 
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completeh surrounded by n«nd bonj structures PostenorK 
«e hate the cer^jcothoracic spine larerailj the first nh and 
antenorl) the sternum The lower fibers of the bnchial 
pievus the stmpathetjc ner\e suppl\ to the arm and the 
^ocJai lan arterj and \em must pass o\ er this nmd outlet and 
form the 3pe\ of an arch as the\ pass o\ er the first nb Thus 
the first nb ma\ be compared to a pullet o\er shich the 
subclasian \cssels and the net\c fibeis are stretched \ arious 

RELATIOn or cervical rib to 

SCALEME MUSCLES MERVCS AUD 
BLOOD VESSELS 



conditions ma\ be Msualircd ihch will mcrea e the tension 
and pressure of these soft structures o\ er the ri'nd bone 
I High First Rihs—ln mam cases of cen cobrachial ssn 
drome m which the x ra\i rule out cenical ribs there are no 
svmptomsoser the scalenus anocus muscles Ho\ e%er there is 
esndence of pressure and the first nb is often found to be 
placed hi<Jhcr up than usual The nb is flat iith a transterse 
ndffc m the middle of the seal nus tubercle 
■’ Cer teal Ribs —Dr Patterson has gi cn i dera led de 
senpnon of the anatomy of cen cal nbs c ns de n<^ them as 
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duenosis IS not difficult althoujjh cervical arthritis with rad 
icuhtis and brachial plexus neuntis should be ruled out The 
patient is iisuallj between the ages of tuent\ and twenty 
hve jears I have seen several cases in adolescent girls with 
hiCTh dorsal curvatures but these are eisilj recognized The 
patient usually complains of pain about the shoulder upper 
cxtremit} and hand numbness paresthesia or ischemia may 
be present Tlicrc maj be a definite change in the circulation 
on the affected side a dmiimshcd pulse and a lowered blood 
pressure These symptoms are increased on traction of the 
arm hy pcrextension of the neck with the chin turned to 
affected side Relief of symptoms is obtained bj abduction 
f the ami— a fact which the patient has usually discovered 
herself In adv anced cases ihcic ma) be sw clhng of the hand 
and foreanu and even ulcers with gangrene have been en 
countered Muscular atrophy is also common and the area 
most affected seems to be the thenar tmmtnce 

TREATMENT 

Ihis commentary is offered as an attempt to put the con 
senative treatment of the ccrvicobrachial syndrome on a 
scientific basis After reviewing the histones of a great many 
patients yvho hayc been referred with yarious diagnoses but 
with the same symptoms little by little a new conception t f 
these pathologic processes desenbed as the ccrvicobrachial 
syndrome has developed "I his new conception has been an 
vlyzcd loth anitomicilly and physiologicallv and has been 
pr vei clinicallv bv a dcfinitciv outlined treatment 

I R si d S pp rt 

In acute cases patient should be put to bed with arm su 
pended over the head to reUeve the circulatory symptoms and 
nerve irritation If the occupation is suspected as a contnb 
utory cause the patient should stop such activity ^ slm® is 
ey.ential to take the weight off the extremity ^ 

In ciscs of descended scapulae round shoulders a figure ft 
I vidage will take the strain off the nenes and blood vessels 
The best figure 8 bandage is made by a strckinettc through 



inside to exert pressure and stretch the blood ^esscls and 
ner\es over the pullcj that is the apex rf the thoricic citje 
5 Iiicreised Traction by Scapiih or Upper Prireiinty tn 
Poor P<?jmre— The cervical ^ne sccnis unusu3]]| Jon^ an! 
the scapulae are low and tilted down and ounvard The an Ic 
formed bt the junction of a xcrtical line dra^ n alon" the 
postenoT spinal processes with a transicrsc line drawn from 
the posterior process of the setenth ccnical %ertebrae to the 
acromioclavicular joint is less than 90 decrees in the aver 
age person fn persons with poor posture this an le measures 
more than 90 decrees thus representing the pull from out ide 
the thoracic ca^e against the thoracic nm 
The child is born with a rebti eh Iu<Th position of the. 
scapulae opposite the third or fourth cers ical % ertebra similar 
to the anthropoid ape A gradual descent tal es place until 
pubert) w hen the adult position is reached In the temilc this 
descent is greater w hich may account for the greater inci 
dence of the syTtiproms of pressure in this sex rhe ratio 1 e/n 
3 to 1 It may also explain the rant) of the s\ mptoms I cf re 
adolescence 

have therefore a highly placed nm or pulley with 
increased traction from inside or outside of the thorax Some 
of these conditions are congenital but do not appear until 
the third or fourth decade of life Some oliserx ers hax c emph i 
sized occupational stress but the etioloex is n re prot ibix 
due to a conccmtal predi^ostion with the lo s of muscuhr 
tonus as an excitatory factor 

DIAGNOSIS 

^fter reviewing thin) tv o articles tn cen cal ribs nn 1 
scalenus nnticus sv ndrome one gets the impression thir thc\ 
are two cnrirdy different entntes xnd fhar tic onh rrcar 
ment is the removal of the cervical rib ir ecti n of the 
scalenus anticus muscle Further inquirv among orthoped 
surgeons rev eals that onlv 15 to O per cent of the panenrs 
vith these condtions receive operative treatment Little i 
iTitten on the treatment of the other 85 per cent It there 
fore seems rational to analyze more closely the nonopenrn c 
cases which are usually referred for phvsical thenpv The 
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The patient clasps his hands together forming the fixed point 
and m this position first elesates then adducts the scapulae 
This IS earned out for ten minutes three nmes a day to in 
crease the tone and thereby the earning power of the mus 

cles that help support the shoulder girdle (Fig 153 1 '*) 

TREATnETlT 
Exercises for Rmooboi&s 
Trapezius aud Levator S apula 



General Postural Exercises —Msyst patients with the cer 
\icohrach\alsvndromcha\cpoorbody mechanics Thesloping 
shoulders go with increased dorsal kyphosis which is accom 
pimed b\ an increiscd lirdcsis and lilted pcKis Ihereforc 
c^eneral po tural rrecn n should go hand in hand with ip 
jhcatim <f the heal trciiiient The nl\ diRcrence fr in 
the usual c< rrectinn of bol\ mechttiics is in connection with 
the head and neck If the head i held high and the chin i 
pulled in w c ma\ exert tnction m the sc ilc lus muscle and 
rhercl \ ai c the thortcic nm Ihc bcil cjrrcctDi is lest 
omitted or at least modihed 

3 H i 

Heat in the form of infra red ray s shortwa eor diathermy 
directed to the offend no" areas reheyes irritation of the 
bnchial plexus and spasm of the scalenus anticus muscles 
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\ hich a flannel bandat^e has been passed and held to<^cdicr 
b\ tw o safeu pins. 

An Jeropbne splint ts ideal for support and cle\ anon of the 
shoulder girdle When an aeroplane splint is not available an 
mexpensne substitute max be made of specuhst phstcr 
molded oxer the crest of the flmm up the flank and huh in 
the axilla, holding the hnmerus at about a a-def^ree an'^le of 
abduction, the elbow in flexion. Forearm and hand plaster is 
held m place x ith straps and a nn<» of Mexican felt around the 
opposite shoulder and can be om under the clothes mcon 
spicuousK 

2 Eaero es 

(j) ExtRasES oi PosiTios —Exercises of position consist 
of maantaimnw the shoulders hi<'h and the arms oxer the head 
This pose ill reliexe pressure o er the bonx nm or the 
scalenus anneus muscle The head is earned slie'htlx forward 
to release the salenus anocus muscle The neckfirm position 
IS also useful the upward reach and the hanging of the hands 
on an oxerhead bar 

Sex ere circulaton tnxol ement accompanied b\ edema is 
allexnated bx jsatnotor exercaes similar to those used m cn 
doanentis of the lo x er estremracs The extremitx is clex ated 
until the filler tips become x hue then loxxcred la a hin in^ 
position nil the Angers become dark red After these tio 
positions the arm is rested horuontallx for tx o minutes, and 
the procedure is repeated for half an hour 

(h) \ctuxExlrcises— T hese exercises aie ff n types 
lo<^ exercises for the shoulder girdle and general postural 
exercises 

LnrjJ Exercises —Tbcsbouldcr girdle is hinged in the sremo- 
cla ncular jomt and can mo e up "ard and do n ard as x ell 
3. forx ard and hack'x ard The eieht of the shoulder girdle 
and the attached upper tre i it\ k cm nteracted hx the pull 
ot the trapezius the lex tor scapula and poss blx the upper 
rhomboid muscles In o dtnarx life the shoulder girdle acts 
as a more or less fi- ed po nt and the upper ext emitx ith 
ihe hand is an acn c mo able pomr The treatment of pa 
nents xith the cemcobrachial sxndromc re cises this orler 
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4 S g cal Tr atm f 

e owe jnosr of our present tnoiilcdge of the ccnico 
brachial s)ndromc to the sui^eons \\ ith the ad\ent of the 

\ n\ numerous anic!« on the cen ical nb appeared B\ 191 

Keen had operated m fort) three cases Ad on and Coffee in 
19 7 first recommended section of the arraclirtient of the 
scalenus anucus muscle to relieve pressure I ittcrson and 
Donald speak of cases m vv hich both ccr\ icd rib resection and 
scalenectomv are indicated However t]ic number of patients 
operated on is a snull percentage of all w ho present rhem 
selves with cerv icobrachial s)mptoms 

CONCLUSION 

I Cervical nbs a spastic scalenus amicus muscle or poor 
posture ma) produce idenucal s>mptoms 

■* The common etioIo<»v m all cases n probal Iv a lower 
mg of the tonus m the muscles supporting ilie seipular w ci^ht 
The irritation traction andpressiire on the cerv ical nerv cs and 
subcUvnn vessels bv the first nb a cervical nb or a spastic 
scalenus anticus muscle in all probabihtv will e plain the 
ccrvncobrachial sv ndromc 

3 This sjTidrome includes pun along the I radual nerves 
vascular changes of pulse and blood pressure asomotor 
svmptoms of pallor cvJnosis and changes m temperature 
and in addition tenderness over the scalenus antitus musUc 
and braclual plexus 

The conservative treatment of rest and support heat to 
rcliev e pain and spasm massage to incrca c muscular tone and 
c\erci es to build up mu cular support art es cnci I Posturaf 
correction of bod> mechanics is important Altii utrh surgicil 
interference is necessarv m a small percent "c of case in I 
circulate rv failure in the arm niav mein m c nergenc) opera 
non the nujoritv of the cases respond to conser ame treat 
ment as outline 1 here C en m operam c cases the procerf r 
nithned here i of c iniplementarv impornnee 
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PRIMARY AND SECONDARY (RENAL) HYPERPARA 
THYROIDISM 

HENRY V. JAFFE M D 

It is the clinicopathologic effects of parath\roid hvper 
functioning that represent what we siiall mean by hy perpara 
thyroidism Recent advances have shown more and more 
clearlv that cases of hyperparathyroidism fill into two cate 
gones primary (or idiopathic) and secondary 
I he prtimry cases are those m which the point of onem 
of the disease is apparently in the parathyroid dands them 
selves since there is no known explanation of what institjatcs 
their hyperfunctioning Tlie parathv roid abnormality in cases 
of primary hyperparathyroidism may be of the nature of a 
tumorous growth (an adenoma) usually limited to a single 
gland or it may be of the nature of a hy perplasii affecting all 
(» e the theoretical four) parathyroids In cases of secondary 
hyperparathyroidism the point of origin of the disease is else 
where than m the parathyroid glands tbemseUes Actually it 
seems to be exclusively m connection with renal msufficiency 
ot long standing that t nc may observ e a pronounced sec 
ondary hyperplasia of all the parathyroids resulting m a 
complicating or secondary clinical hyrperparathy roidism Thus 
the diy iswn into primary and secondary hyperpatathy roidism 
IS made on the basis of absence or presence respectively of 
some plaus ble instigiting factor for the parathv roid hyper 
functioning 

As a clmicopathologic complex hvperparathv roidism m its 
full efflorescence has three central facets-parathyroid renal 
and skeletal alterations This is true whether the case being 
dealt with is one of primary or one of secondary hyperpara 
thyroidism Thus m a Case statutig out as an instan« of 
primary hy perparathy roidism the kidneys may become so 
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suspected until the dramatic fact oiapitholo^ic fnctun leasls 
tn the diagnosis The waj to the latter is also sometimes first 
opened up through the discos e^v of a bone ss\ elling from a 
so called brossn tumor most often m a jaw bone Further 
more there are man\ cases in which rcnil syDiptovis and 
notablj those of renal calculus are the presenting ones and 
the sheletal alterations are in the bad qroimd or even equis 
ocal OccasionalU gJitro symptoms such as attacks 

of abdommi! pain nausea and \omitinc arc prominent and 
e\ en the presenting phenomena and if the skeletal alterations 
are not clinicall) ob\ lous ma) confuse the surgeon as to the 
true nature of the condition 

Unless the offending paraih\ roid fissne is remos cd the dis 
ease usually progresses On account of poronficnion ren 
dcring the si eleton susceptible to repeated fractures and 
deformities the patient is likel) to become hopelessij bednd 
den The gravit) of the condition is usually increased b\ the 
presence of renal insufficiency associated with the presence 
of renal calculi and pyelonephritis and even renal calcinosis 
There is w ide \ ariation in the speed w ith w hich such a course 
IS run hen the condition has reached this stage e\ en re 
mo\al of the offending parathyroid tissue may no longer save 
the patient s life since the renal changes are by now often 
irrevocable Fortunately pnmarv hvperparathyroidismisnow 
usually properly diagnosed before it has ad\ anced far enough 
rcallv to devastate the si eleton (Figs 1S4 155) and irrcp 
arably damage the 1 idncvs 

D g t S g r f Chem cal F d ngi 

Hyperc Icei j— Hyperc Iccmia (that is a serum calcium value 
above 11 5 mf^ per 100 cc ) is a cruciallv important d vnostic 
enter on of hvperpa athyroidsm espcc allv f such a value is 
bt ned n e c al cs c o c s ns In this connect on it 
should be n t d tl t in normal d It the serum calc um is usu 
allv bt en95 nll0 5±05 m<» per 100 cc bv the st ndard 
method of U n \ mplovcd Themrr ness of the ran^e 
f nomnl a at on and the p tf lls of the test teehn c make^it 
mperati c th t there be no doul t as to the accuracy w ith \ hich 
th t t perf rmed This is tru especialH if unequiv ocal 
bone 1 nees re abse t and one is dicrcfore compelled to rely 
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se\ erel) damiged that the consequent fcnaj insufficienc) m 
turn increases the parathyroid hyperfunctioning and thus es 
acerbates the whole state of hyperparathyroidism On the 
other hand m a case -aaning out as an instance of h\per 
parath) roidism seconding to renal disease the parathyroid 
hyperfunctionmfr which ma\ develop may become so pro 
nounced that it m turn also acts pow crfuUv upon the bones 
and even again upon the kidneys 
For the surgeon the problems of hyperparathsroidism arc 
mainly those of diagnosis (jncludin<T different! il dia nosis) 
and treatment Ifowever the distinction between prmiarv 
and secondary hy pcrpjrathv roidism mav be difficult to make 
even w hen the presence of hyperpjrathy roidism is clear In 
deed m an o casional instance it may not be possible to tell 
definitely from the total clinical coniple presented or from 
the biochemical firtdin<^ in the bl a id w hethcr the hy per 
parathy roidism is primary or sec ndary This fact has im 
portant bearmcfs upon the questions of treatment and prog 
nosis 

DIACNOStS OP PRIMARY HVPER P A R ATK Y RO|OI$M 

hici leiice Primary hy perpnrathytoidism \ hile not a com 
mon disease is not rare Its incidence seems to be at least two 
or three times as hivh among females as amonf^ males It oc 
curs most freiucmly bet cen the ages of thirty and sivty 
y ears hile it is not uncommon at other af^es ilso (notably 
between tv enf> and thirtv years) it seems to be defimteh 
rare below ten years No racial hereditarv dietary or en 
vironmental factors in the inadcnce of the disea c hare been 
defimteh estabbshed 

Co rs Mb D s e 

The onset of the disease is usu !!> insidious and its course 
protracted The subjects are likely t complain early of ague 
aching especiallv n the Jimbs and of n fjness in joints 
The clinical manifestations may be misinterpreted f( r months 
or \ cars Indeed the presence of th b ea e s s werimes n t 
TTi np i3 J b bl TSphv 4el ct d p 1 J ppl m 

tv J h bj I* I 
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suspected until the dramatic fact of a fractJin leads 

to the diagnosis The m aj to the latter is also sometimes first 
pened up through the discote’fv of a bone s«ellinc» from a 
so called bro\ n tumor most often in a jaw bone Further 
more there are inanj cases in which rcnil symptoms and 
notablv those of renal calculus are the presenting ones and 
the skeletal alterations are in the background or e\ en equn 
ocal Occasionally ^astro wtestjnjl symptoms such as attacks 
of abdominal pain nausea and voimtinor arc prominent and 
even the presenting phenomena nnd if the skeletal alterations 
are not clinically obvious may confuse the surgeon as to the 
true nature of the condition 

Unless the offending parathyroid tissue is removed the dis 
ease usually progresses On account of porotification ren 
denng the skeleton susceptible to repeated fractures and 
deformities the patient is likely to become hopelessly bedrid 
den The gravity of the condition is usually increased by the 
presence of renal insufficiency associated with the presence 
of renal calculi and py elonephritis and ev en renal calcinosis 
There is wide variation in the speed with which such a course 
IS run \\ hen the condition has reached this sracfe ev en re 
nioval of the offending parathyroid tissue may no longer save 
the patient s life since the renal changes are by now often 
irrevocable Fortunately primary hyperparathyroidism is now 
usually properly diagnosed before it has adv aneed far enough 
really to devastate the skeleton (Fiffs I ‘>4 155) and irrep 
arably damage the kidneys 

OgtSgf efChmlFdg 
Hyperc Jcew/i t — Hy per alceinia (that s a serum calcium value 
bove 11 s m<T per 100 c) is a cnically important di gnostic 
ritenon of hvperp athyroidsm especially if such a value is 
bt ned on ever I success occasions In this connect on it 
h uld be n ted th t n norm 1 adults the serum calcium is usu 
ally between 9 3 nd 10 5 ± 0 4 mg per 100 c by the stand rd 
meth dsof anaU o emp! ved Then \\ of the ran 

f normal \ ati n and the p tfalls f the test techn c mak it 
mper t e th t ther be no doubt a to the accuracy with hich 
the test was performed Ths is t ue e pecially f unequiv cal 
bone ch n<Tes a e abs nt and one is dierefore compelled to rely 



HFVRY L JAFFE 
F? 154 






PRIMARY AND SECONDARY H\PEKPARATHlROID/SM 6'’5 


\er) hcaMh upon the scrum calcium %alue m connection % ith 
the dia nosis 

Ho\n c\ er u hile the presence of a h) pcrcalcemia is strong ev i 
dence m favor of a diagnosis of primary hyperparathyroidism 
hypercalcemia is nor infrctpientlj found also in cases of multiple 
myeloma and thoUj^h rarely m cases of carcinoma extensively 
metastatic to the skeleton (See D ffcrential Dia<^nosis ) 

On the other hand in cases of primary hvpcrparathyroidism 
in which chron c renal insufficiencv has resulted from the pres 
cnce of bilateral renal calculi and p\clonephntis \ ith or without 
b lateral renal calcinosis there mav be onlv an equivocal hyper 
calcemia or the calcium level may even be normal This fact 
IS to be related to retention in the blood of products which 
are not be n" excreted by the d maged kidney s and patticularU 
to the rise ot the scrum phosphorus level cons derably abo e the 
normal Iti well Known that a rise of the serum phosphorus le cl 
s associated \ uh a reciprocal depression of the scrum calcium 
level Cases of hvpcrparathyroidism presenting hi h serum phos 
phorus and ec^uivocal or norma! serum calcium levels often gi e 
one the serious problem of deciding whether the hyperp tathy 
roid sm is primary or is mercK second n to renal disease For 
further det Is on this question see the discussi n of secondary 
(renal) hyperparathyroidism 

Hypop! oipnjt irna—Toi purposes of compan on one should 
kno V that n normal adults tW scrum morgan c phosphate is usv 
ally betv een 2 5 and J 5 mg per IW) cc as determined by the 
nictlods gen r !h sed Hvp phnphatemi (that i a se um in 
organ c phosphate Ic el bel m" ) like h>perca!cemi isverv 
helpful in th d a"no s of pr ranrv h\ perp rath\ ro dism Indeed 
a combin ton of a hy pophosplnicm a vith a hypercalcemia s 
exceedingly strong evidence in favor >f the dagnosis Neve the 
less in as n h ch there is alreadv si cht rc i 1 msuffic enev 
the serum n rg n c phosphate !e el is erv hkelv to I e bo c 
n rmal v h 1 the scr calciu i Ic cl mav still I c abov c n rmal 
I cc e the pho phat Ic el is n t >et hiuh enough to have de 
pressed it erv far rurthermo it sh uld also I c noted that a 
h) pophosph temia miy be obs cd in cas s of adolescent ncket 

nd osteom 1 cia I t n s ch cases the s rum calcium lev | w 11 
I c m 1 or tend to be subnormal 


Sm fh„splt„Aa /7 -In casts of pr man haperpara 
il 1 o d m in ih ch d finte hone changes haic de eloped th 
ctum phosph ta e act to is regolarl, nereased In accordano 
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\\ ith the sc\ crit> of the bone Ics ons, the degree of this acn in 
ranges bet\ een 8 and 40 Bod nsk> units (i e rou^rhlj ben een 
t« o and ten times the maximum normal mount; \\ hen the bone 
changes are onlj incipcni or as ^et not apparent the serum 
phosphatase acti\ It) is within normal 1 mit» or onlv ver) sli htl\ 
elevated It should be noted al o that in cases of h)perparath) 
fold sm econd t) to renal di ca e the serum ph phata e ti itv 
vill Ikewisc he stnki U increased f skeletal alterati ns a e 
prominent Furthermore an increased s uiti phosphatase acci it\ 
s to be found in con ecti n ith other c ndit ons als and 
notablv in Fleets dsease ostet plastic metastatc care noma and 
steogen c sarcoma 

Cdlcitmi and Phosp) ortti Balmce Studies —It is true that v ben 
placed fra three da\ period on a d et 1 w m calcium ( nd a’s 
standardized as to its other ingredients a d its acid bas etjuiv 
alents) a pane i uh clear c t h\ perparath) ro dism has a much 
greater loss of calciui i, and u uallv also of phosphorus bv was 
of the ur ne and feces thm i normal s bject However t make 
a calcium ph sphorus b lance studs f value req ires so much 
attention to n merous details that for pract cal cli ical purposes 
It IS not \ rth V hile in connection ith making a dagnoss 
Further are it should be n ted that in mid case ot h\p rpara 
thvr id m the ne<» ttxc t Ic n nd ph sphorus bal nee found 
(even in a pen d of I cal um intak } is sometmes not s f 
fic cntlv pro louncej t ha e dia n stic nee Fin U> i: is 

a fact that h\ { rparathv roid sm is n c the onlv co diti n in 
\ hich tro U negat e calcium and ph spho s I al ces are 
1 kclv to be f und For instan thev h e 1 e n oted Iso m 
osteomalaca hvperthvroid si chronic te t rrhea nd mal 
nanc) e tens 1\ metast t c to the kelet n 
Ro tg n g phy D g » 

The skeletal alteration benalle r ciugen ^raphitallv 
arv idelv in a u rdance ith the ttge of c oluti m of the 
disease U hen the skefcnl changes arc mild one inaj fin 1 
mcrcl\ that the cortices f the bones are rjre/ ed even with 
out bein" thinned ind that their spongiosa appears some 
vine obscured fn other cases one m } note also the presence 
f){sh htnibp^tiost / sc j//opH7g of the cortices of som of the 
lono' bones Insicheac the diagnosis f h)perpjr th>r id 
ivnunust rest n ibcvancc unt 1 1 1 I cen c nfr ned L\ fh 
clinical and bbontt Ty fndm«»s 
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Ttiig Of the trabectdar otttlmes Also the circumference jf 
some bones ma} be expanded in places by the presence of 
cysts an I bro^t tumors In addition there niji Its mfri 
ttoTJS and fractures Indeed asnoted itmaj be a bone swellm*^ 
or 1 pathologic fneture that first leads to the discover) that 
hvferparafh)raidism IS present (Fi<rs 156 1<7 158) 
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In the rare cases in which the disease is found well devcl 
)ped in older children or adolescents the bone cl an<TCs ms bl 
roenlgcnoc^raphicall) may softest those of adolesce it nekers 
In such cases the lonf^ tubular bones in particular may she \ 
bourns uidemns of tie metaphyses and slipping of cirrain 
epiplyses In advanced cases of hjpcrparatljroidsm a 
} eculiar granular viatthng of the caf aritn ; is v cr) Iikelv t a 
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be found The mottling reprcseoK the sh3do^^ cast bj new 
bone and connectit e tissue that has replaced the original bone 
(Figs l59 160) 

Sometimes the bone changes of hvpcrparathvroidisin have 
first been discov ered during x raj examination of the kidnev s 
for stones (Fig 161) In fact the presence of this disease 
should alwajs be suspected m am case of even mild osteo- 
porosis, if the latter is associated \ aih renal calculi Further 
more it should be noted that m a case of hvperparathjroid 
ism «hich has developed sccondanlv ropnman renal disease 
and chroruc renal insufficiencv the skeletal chan es to be 
found rocrttgeno^raphicallt nia^ be indisonoiiishable from 
those seen m cases of pnmaf\ hv-perparathtroidism Indeed in 
a child or adolescent suffenn^^ from hvpeijjarath^ roidism the 
great likehhood is that this has developed on the basis of pri 
marj renal disease These cases fall into the caregorj of so- 
called renal rickets v ith a secondar) or compl eating hv'p®*' 
parach^ roidism 

OIIVGNOSIS OP secONOARY (RENAL) HYPERRARA 
THYROtOISM 

The reader will have noted that in the discussion of the 
diagnosis of prmun reference has al 

w a^ s been made to the rcic ant findings in sccondai) (renil) 
h\ perparathv roidism Renal hjperpjrathsroidism develops of 
course on the foundation of renal disease and specificail) a 
protracted renal insufficicno The latter lead to pronounced 
hN'perplasia and hvperfunctioning of all four pararlvroid 
{,lanJs ^^hlch ultimatclv induces m us turn severe skeletal 
cl anger csscntialU similar to those seen in prunarv I vper 
parath\ roidism Thus both in childhood and m adulr life 
h\'perparath> roidism mav be present as a complicating or sec 
ondarj disorder e cn if renal disca^ is the underlv in» one 
In childhood or adolescence the protracted renal insufB 
cicncv usualh develops on the basis of a congenital defect 
(structural or funaional) ot the kdness or urmarv tract 
This defect m 2 > be a con"eiutaI defect of renal de tlopment 
such as pohe^soc kidne\s On the other hand the kidnev 
damage mas follow some sort of a funct onal d fficuin at the 
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urethro\ esit j 1 sphincter which from carlj life has inter 
fered with the outflow of unnc Sometimes the presence of n 
congenital defect cannot be established and the renal insuffi 
uencj seems to be attributable to a primary p\ elonephritis 
or a glomeruloncphntis of long standing 
As a rule in these cases of sccondarj h\ perparathv roidism 
of childhood or adolescence the bones arc stunted present 
rachttoid defonnities at the sites of endochondral bone growth 
and also show general porosis and fibrosts The cah anum maj 
present granular mottling Qimcallv these \oung subjects are 
not onlj deformed but undersized and sometimes also mam 
fest infantilism and altogether such cases ha\c been described 
under the heading of renal nekets Terminally in these 
cases calcareous deposits (metastatic calcifications) are some 
times found in \ anous soft tissues They arc likely to be most 
prominent in the media of moderate and larger sized artenes 
m the soft tissues near joints and in the subcutaneous tissues 
and skin m general 

In adults secondary hyperparathyroidism from protracted 
renal insufficiency is very rare In these cases the underlyme 
renal disease may be a glomcrulonephniis which for some 
unexplained reason is running an exceprionally prormcred 
course On the other hand it may be bilateral renal calculi 
and py elonephritis or cv cn congenital poly cy Stic kidney s In 
these cases which in general represent the adult erjuivalent of 
renal nckets of childhood while stunting and nichitoid 
deformities are of course absent the bones present essentially 
the same other cliangcs os those appearing m the cases dev el 
oping earlier m life Tcrminallv m these cases too metastatic 
calcifications may appear 

As for the blood chevneal findings there IS an elev ation of 
the serum inorganic phosphate value (which may reach levels 
of 10 mg or more per 100 cc ) and some depression of the 
serum calcium level is not infrequently obsened On the 
other hand it is not uncommon for the serum calcium to be 
somewhat above normal although the serum phosphate is in 
creased The serum phosphatase activ ity also rises Taken as a 
whole these findings are diagnosocally important only when 
It can be established that it was renal disease that precipitated 
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the entuc disorder for indeed the^ are similar to the findings 
m cases of primary hyperparathyroidism in which a compli 
eating chronic renal insufficiency from renal calculi and p\ c 
lonephritis or renal calcinosis has det eloped 
In a child or an adolescent the presence of unexplained 
stunting unexplained acidosis (nonacetonc) or unexplained 
renal disease separately or together should suggest the possi 
bilitv of secondary (renal) hvpcrparathyroidisjn even jf no 
rachitoid lesions are manifest clinicdly tunheemore in an\ 
case of so called late nekets no matter ho^^ genuine it 
appears one should make certain b\ searching for renal m 
sufficiency that one is not dealint^ with renal hvperparatln 
roidism instead Ccrtainl\ if the subject is less than ten \ears 
of age the other possibdin— that the condition is pnmar\ h\ 
perparath\ roidistn-can almost definitcls be ruled out since 
the latter condiuon hardly e\cr appears at such an cirl> a c 
On the other hand in an adult the differential diignosis be 
een primary and sccondar> h\ perparathv roidism i some 
times difficult A history of rtnil disease (glomerufonephntis 
or p\ eJitis and py cloncphnns) m the absence of renal calculi 
or renal cilcinosis weighs hcaxily »ti faxor of the dia^jtiosis of 
secondary hyperparathyroidism Nevcnhcless an occasional 
instance of secondary h\7»crparathy roidism may develop on 
the basis of bilateral renal calculi and py elonephntis Still in 
a case of hy perparathy roidism m xyhich renal calculi are pres 
ent one must certainly consider first the idea thu the renal 
aspect of the disease is secondary to primary parathy roid 
hy'pertunction 


□ irFERENTIAU P'ACNOSIS 
Let It be aSsUmed first that a case under con iJeration is one 
in 1 hich secondary hyperparatliy roidism do s n )t come up 
3s a diagnostic possib Uty and that the problem is to decide 
\ hether one is dealing ith primary hy perparathy ro dism 
manifested m RecU nghausen s disease of bone or ith some 
( ther skeletal disorder There are a number of di cases im oK 
mg the skeleton x h ch may present this problem of differen 
ual diagnosis Ax o dance of confusion is f cihtatcd by re 
membentxg that hypetparadivroidism IS after all rclamely 



PKLMAR^ ASO SECONDAR\ in PERPARATItYROlDlSM 633 


uncommon Because of tBjs fact in a discussion of whether or 
not a given case is one of hjpctparathjroidism the burden of 
proof lies upon the affinmamc side The conditions whose 
manifestions sometimes raise this problem of differential 
diagnosis include adolescent nekets and osteomilncia idio 
pathic steatorrhea senile osteoporosis cancer extensively met 
astatic to the skeleton multiple myeloma Paget s disease and 
fibrous d) splasia of bone 

Adolescent Rickets Qsteoimlacti Idtopathc Steuorrbea 
—In the United States adolescent tickets is by no means com 
mon at present and genome osteomalacia of adults is rcalK 
rare Aside from what is revealed by the history scrum ca! 
ciutn determinations aid in the diagnosis In both adolescent 
rickets and osteomalacia as contrasted with hvpcrparathy 
roidism the serum calcium level is at or below the normal 
This is also bkelj to be true in cases of idiopathic steatorrhea 
and m these cases the gastrointestinal history also sheds light 
Senile Osteoporosis —Occasionally senile osteoporosis too 
is mistaken for h) perparathy roidism but in the former con 
dition the serum calcium phosphorus and phosphatase acnv ity 
values arc normal unless there arc fractures In the presence 
of the latter the phosphatase activity value may be found ele 
vated but not of course the serum calcium value 
Carcinosis of the Skeleton — Qncer cxtensiv cly metastatic 
to the skeleton sometimes also raises the problem of differ 
ential diagnosis The diagnostic difficulty is most likely to 
appear if as happens m rare extreme cases the metastatic bone 
involvement is associated with a hypercalcemia In any event 
even if the ptimary growth is not clinically cNidem there is 
one roentgenographic feature which can prevent the diag 
nostic error This is the fact that m cancer no matter how 
extensive the rarefaction of certain bones may be or how 
strongly their appearance may suggest Recklincrhausen s dis 
ease other bones and sometimes even parts of badly affected 
bones will be found rclatncly normal roent enographicilly 
In Recklinghausen s disease on the other hand when some 
bones are badly affected all the rest v ill be found at least 
somewhat altered 

\fnltiple \fvelowJ— Isot infrequently cases of multiple 
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rm eloma are misinteq>rcted at leait temporariI\ ns instances 
of hvperparath^roidism Itistherebmel> common findint^ of 
3 fn-percaJcemia in mulapfe nneJoma that is at the bottom of 
this confusion Howetcr in die presence of this findimr fur 
iher m\ cstigation of the blood im\ res cal a h\ perprotemenuj 
SMth an inversion of the albumin ^obulm ratio These two 
findings should be immediatel} rcco*'ni 2 cd as the cue to the 
presence of multiple nn elomj Furthermore mulnple m} el 
oma IS charactenzed b\ the fict that the scrum phosphatase 
actmts tends to remain narmal no matter how cttensivc 
the sLeferal inv oh ement ma) be In addioon, it is w ell knovvn 
that a good percentage of cases of multiple mvcloma aUi 
show sooner or later a Bence Jones proteinuna 
Pjg«r Diiejie— In uncomplicated cases of Pams disease 
the serum calcium \ dues are normal Ver\ rarelv however a 
case of Paget s disease is encountered in which rouune bio 
chemical studv rev cals a definite h\ percalcemia These cases 
must be interpreted as instances of Paget s disease complcated 
by hyperparath) roidism or at least instances of the coexist 
ence of the two diseases in the same subject 
Fibrous Dysphui of PoMe~This condition is ftequenth 
and unneccssanh mJsdij<mosed as hv perparathsToidism Q n 
leal reference to the condition his also been made under such 
names as unilateral fibrous ostcodvstrophs unilateral 
Recklinghausen s d case disseminated osteins fibrosa 
osteitis fibrosa in multiple foa and so on The condition 
usuail) manifests itself m childhood or earh adult life and 
evolves slov Iv pursuin*^ a protracted clinical course charac 
tenzed bj pain deformitv and a tendenev to patholocnc frac 
ture of affected bones Precocious menstruation and hvpcrpic' 
mentation of the skin mav be observed in verv severe cases 
whose cluucal manifestations have begun ver\ earlv in hfe 
It is because roentg nt "raphicallv the affected bones appear 
widened show thinned cortices ind often present appearances 
su«Tgestin<y the presence of evsts that these cases are so often 
misinterpreted as instances of hvpcrpar thvroidism The fact 
that the lesions arc unilat ral or mainlv unil tend and that the 
unaffected bones arc normal should be enoif’h to e dude 
hi’perparathv roid $m Funherm re the servw calcii m and 
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phosphorus \alues m these cases show no deviauon from the 
normal 

PARATHYROIDECTOMY 

In principle the treatment of pruniry bypcrpnathyroidiwi 
consists of surgical remo\al of the offending paratliyroid tis 
sue In about eight or nine cases out of ten this will be found 
to be an adenoma of a single gland (Fig 16’’) On the other 
hand the case ma> be one of pnmir\ h^'perparath) roidism 
resulting from two adenomas or from idiopathic hyperplasia 
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of the four glands More often than not the surgeon can 
correct the pathologic state at a single operation \\ hether the 
case has des eloped on the basis of an adenoma of one or two 
glands or a hyperplasu of all However an aberrantly 
located adenoma not found at the original operauon may 
create the need for a second or e\cn a third intervention and 
the patient or a responsible member of his family should be 
prepared in advance for such a condn^ncy Such a need mav 
arise also if in treating a case m which all the glands arc 
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mj elomj are misinterpreted at leait temporarilv as instances 
of hyperparathyroidism It is the rcbtn cU common find n" of 
a h\ percalccmia m multiple m\ elonu that is at the bottom of 
this confusion Ho^\ever in the presence of this finding fur 
ther m\ estigation of the blood mas rc\ eal a h\ pcrprotcineniu 
with an m\ ersion of the albumm globulin ratio These t\v 
findings should be immediatelj feco<mi7ed as the cue to the 
presence of multiple mvcloma turthermore mulaple mjel 
Oma is characterized lij the fact that the serum phosphatase 
acmitj tends to remam normal no matter how extenswe 
the skeletal involvement maj be In addition it is \vell known 
that a good percentage of cases of multiple mjeloma als 
show sooner or later a Bence Jones proteinuria 
r<jg«r Disease —In uncomplicated cases of Pawets disease 
the serum calcium V alues are normal Verv rarch however a 
Case of Pa^et s lisease is encountered m w hich routine bio 
chemical stud) reveals a definite h\ percalccmia These cases 
must be interpreted as instances of Paoet s disease complicated 
by hyperparath) roidism or at least instances of the coexist 
cnce of the two diseases m the same subject 
Fibrous Dysplasia of Done -This condition is frequentlv 
and unnecessanlv misdiagnosed as M'perparathvtoidism Clin 
leaf reference to the tondition has afo licen made under such 
names as unil-iteral fibrous ostcod)*stroph} unilateral 
RecUm<»’hauscn s disease disseminated osteitis fibrosa 
osteitis fibrosa in multiple foci and so on The cmditioi 
Usuallj manifests itself m childhood or eariv adulc life and 
evolves slow I) pursuin*^ a pr tracted clmical course charac 
tertred by pain deform t\ and a tendency to pathologic frac 
turc of affected bones Precocious menstruation and hj pet) ig 
menratron of the skin ma) be obsened in ven seierc cases 
whose clinical manifest tions have begun erj earlv in life 
Ic IS because roenrgcno^raphicaflv the affected bones appear 
widened sho thinned cortices and often present appearances 
suggesting tlie presence of msts that tl esc cases are so often 
misintcrpteted as instances of h\-pcrpar3thv roidiSm The fact 
that the lesions art undatcral or mainl\ un literal ind th t the 
unaffected bones ace noruol should be cn u<»h to exclud 
h)*peip 3 rathv toidism Fonhermore the serum calcium and 
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improvement of the renal function if that is possible \s to 
the parath\roids it is questionable whether thc\ should be 
touched at all in an\ case of renal hj pcrparith) roidism (renal 
dwarfism of childhood or its cquivvlent in adults) If suf 
ficient parathv roid tissue is remot ed m such a case the h\ per 
parath) roidism will be interrupted it is true but the end 
result (death from uremia) mat not ev en be dcla\ ed 

Post perati C mpt cations a d Precau) i 

Hypoparathyrotd rer<i» 3 ' associated with the development 
of a hjpocalcemia is a common postoperative complication 
Often on the dat following the operation numbness and 
tingling— precursors of the tetan\ — alread\ appear m the 
fingers and toes Another postoperative complication which 
is common is oUpirii This usually corrects itself however 
after a few da\ s It is to be noted that if at the time of opera 
tion advanced renal damage (nephrocalunosis or pyeloocph 
rms) exists great danger of subsequent death from uremia 
w ill remain 

Immediately after parathyroidectomy precautions should 
be taken to prevent the onset of ictanv Large amounts of 
soluble calcium salts given bv mouth arc often effective Be 
cause of the rapidity with which calcium salts arc eliminated 
after ingestion it is also desirable to give them frcquenil> For 
instance 4 gm of calcium lactate may be given every two or 
three hours during the day and perhaps Somewhat less often 
during the night When the presence of tetany makes prompt 
effects urgent the intra enous injection of 10 cc of cilcmvi 
lactate or gluconate ma\ be necessary If the administration of 
calcium bv mouth docs not adequatelv elcv ace the serum cal 
cium the desired result can be achiev ed through the supple 
mentarv injecti n of parathormone To this end 10 or ’0 
units ot the patatf yrotd extrict ma\ be given several times 
liil\ for a vv hilc (subject to control by determinations of the 
serum calcium) In addition ihe diet of patients suffering 
from latent tetany should be low m phosphorus 

Kgainst tetaov one max also vise A T 10 (dibydroracby 
Itcrol) The opnmil dose satics ssidelj depending npon the 
sesents of s>Tnptonis and the degree of hypocalcemia The 
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hypcrphstic the amount of parathyroid tissue removed has 
been insufficient and recurrence of the hv-pcrparathyroidism 
has resulted 

After exploring the parathyroids on both sides of the neck 
It may be found that those which have been visualized arc 
apparently not at all enlarged In such a case there must be 
an adenoma present which is aberrantly located perhaps be 
tv\ een the esophagus and trachea but most probably in the 
superior mediastinum Of course most of the adenomas are 
not so located and after the parathyroids arc v isualized and 
found to be normal on one side it is usual to find the adenoma 
on the other side m the general area where another parathyroid 
would be expected 

If in exploring the neci the surgeon finds all four of the 
parathv ix ids v en much enlarged there is the dehcatc decision 
as to how radical the parathv roidectomv should be CcrtainK 
three of the Inperplastic panthvroidsshf uld be remo cd and 
It IS c\ en safe to remov e all but a tmv fragment of the fourth 
be cnl hits from the removed part of the fourth can then be 
transplanted into pockets made in the sternocleidomastoid 
muscle and the mouths of these pockets closed with black sill 
ligatures to mark their position In this sice or m pockets in 
the abdiminal wall the tran plants could thus be tasilv ap 
preached should their removal be indicated later on In any 
ev ent in these cases the surgeon must recognize on the one 
hand the danger of recurrence of the hvperparathv ro dism 
from rtgro v th of the remaining stump and on the other hand 
of the development of intractable hvpoj arathvroidism fnm 
damage to the essential remaining tissue 
When the operative intervention is successful the path 
ologic state is abruptly imemiptcd and soon begins to be 
reversed In fact substantial healing of the skeletal lesions mav 
1 e manifest within a few months even to the point of great 
reduction in the size of cysts and brown tumors On the other 
hand deformities do not become spontancoiislv corrected t 
anv great extent after thev have once developed 

Let It now be assumed that tl e case is one f secondary 
j ypcTparatbyroidisnt follov in<» upon chrouc renal insiiffi 
aency In such a case attention should be concentrated upon 
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indiscTonmate use of the substance either alone or in com 
bmation snth other drugs intended to combat the ht’poci! 
cemia is fraught with the danger of hj'percalcemic intoxica 
non In using dih\ drotachvstcrol it should also be borne in 
nund that its effect is cumulatnc so that its use mu^t be con 
trolled b\ periodic determinations of the serum calcium value 
An imtial dose of S to 10 cc dads b\ mouth for three or four 
da^ s to be follow ed bj a maintenance dose of ■* cc twice or 
thnee weekh for a lime can be expected to control the 
tetan> in most cases There is no evidence of harmful effea 
of this maintenance dose even if used over a lonf» penod 
provided that the dosage is propctlv controlled b\ serum 
calcium determinations 
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